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ABSTRACT 


Six gamma-ray sensitive mutants have been isolated in 
Neurospora crassa by means of uv-induction of conidia 

of a wild type strain pe (Y 8743m). All of these mutants 

showed different degrees of gamma-ray sensitivity. Genetic 
analysis of these mutants indicated that gamma-ray sensitivi- 
ty of each of the mutant strain is controlled by a single 
nuclear gene. Tests for uv-sensitivity revealed that the 
gamma-ray sensitive mutants gs-6 is in addition sensitive to 
uv-radiation, whereas the five other mutants and their wild 
type progenitor are uv-resistant, Tests for uv-mutability 
showed that fewer mutations for caffeine resistance are in- 
duced in all the six gamma-ray sensitive mutants when compared 
to the wild type strain at equal levels of uv-dose or survival. 
Mutant gs-4 and gs-6 yielded a reduction in the frequency 

of uv-induced back mutations for adenine prototrophy. In homozy- 
gous condition none of the four mutations, gs-2, gs-4, gs-6 and 
gs-20 affected interallelic recombination as measured by the 
frequency of prototrophs (pan*) resulting from pan-2(B3) x 
pan-2(B5) crosses. 

The results discussed in the light of comparable data reported 
for prokaryotes and other eukaryotes facilitate the conclusion 
that in N. crassa the process of uv-mutagenesis is related to 
the dark repair systems and that the process of genetic recombi- 


nation is not directly related to that of uv-mutability. 
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INTRODUCTION 


Genetical and biochemical studies of radiation-sensitive 
mutants of Escherichia coli and its phages have established the fact 
that genetic recombination and uv-induced mutagenesis are related 
through the processes involved in the repair of DNA damaged by the 
treatment with radiation or chemical agents (Howard-Flanders, 1968). 

Two types of dark repair mechanisms which are known in E. coli 
promote survival after uv-irradiation i.e., excision repair and post- 
replication repair or recombinational repair. Excision repair operates 
on the uv-induced DNA-lesions (mainly pyrimidine dimers) in such a manner 
that the lesions are enzymatically removed and the resulting gaps are re- 
placed by the correct base sequence(Setlow and Carrier,1964; Boyce and 
Howard-Flanders,1964). Recombinational repair on the other hand, acts 
when the DNA containing dimers replicate and gaps are left opposite each 
pyrimidine dimer in the new DNA strand (Rupp and Howard-Flanders, 1968). 
DNA damage caused by ionizing radiation (X-rays or gamma-rays) and several 
chemical mutagens is probably repairable by the same dark repair mechanisms 
as mentioned above (Strauss, 1968). 

Besides sensitivity to radiation and/or chemical mutagens, 
mutants defective in excision repair or recombinational repair are 
abnormal in their response to uv-mutagenesis and genetic recombination 
(Witkin, 1969). The properties of E, coli mutants with known biochemical 
defects in the repair processes have served as a basis for characterization 
of radiation sensitive mutants in eukaryotic micro-organisms in which 
studies at the biochemical level are lacking due to the difficulty en- 
countered in specific radioactive labeling of the DNA (Cox and Parry, 


1968; Davies, 1967; Grivell and Jackson, 1968). 
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The presence of DNA repair processes in eukaryotes has been 
demonstrated in various micro-organisms such as yeast and filamentous 
fungi (Cox and Parry, 1968; Resnick, 1969; Nakai, 1969; Kilbey and 
Smith, 1969; Fortuin, 197la; Holliday, 1967; Davies, 1967; Schroeder, 
LAO): 

Studies of radiation sensitive mutants of both bacteria and 
yeast, have revealed that mutants isolated primarily for their sensi- 
tivity to ionizing radiation commonly affect genetic recombination 
and uv-induced mutability (Howard-Flanders and Theriot, 1966; Nakai, 
1969). Conversely, mutants isolated for recombination deficiency or 
for the loss of uv-induced mutability have been reported to be sensitive 
to uv and/or ionizing radiation (Clark and Margulies, 1965; Rodarte- 

Ramon and Mortimer, 1972; Lemontt, 197la). The possibility thus exists that 
DNA repair of damage caused by ionizing radiation (X-ray or gamma rays) 

may have steps in common with the processes of uv-induced mutability and 
genetic recombination. With this view in mind, the present studies in- 
volving the isolation and characterization of gamma ray sensitive mutants 
of Neurospora crassa, have been carried out. In addition, an attempt 

has been made to study the effects of genes controlling radiation sensiti- 
vity on uv-induced mutagenesis and genetic recombination. As far as can be 
assessed, little is known of radiation sensitive mutants in Neurospora 
crassa, and for this fungus mutants isolated for their sensitivity to 


ionizing radiation have not yet been reported. 
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REVIEW OF LITERATURE 


Isolation of mutants sensitive to ultraviodet (uv) light and 
ionizing radiation and subsequent genetic studies, in both prokaryotes 
and eukaryotes, have proven that sensitivity to radiation is under genetic 
‘control (see review: Adler, 1966; Strauss, 1968). 

PROKARYOTES: Among the prokaryotes, most of the studies per- 
tain to various strains of Escherichia coli and its phages. Hill (1958) 
reported initially on the isolation of several mutants exhibiting in- 
creased sensitivity to the killing effects of uv-irradiation as compared 
to their parental strain, E. coli B. The isolation of some uv-resistant 
E. coli B mutants had been reported earlier by Witkin (1947). Concurrent- 
ly, Luria (1949) produced evidence that uv-sensitivity in bacteriophages 
T2 and T4 was under genetic control and moré recent studies (Rupert and 
Harm, 1966) indicated that radiation sensitivity of many other bacterio- 
phages is intimately related to the properties of the host bacteria. 

Following these observations, several workers have reported 
on the isolation of uv-sensitive E. coli mutants and attempts have been 
made to map the genes controlling radiation sensitivity on the bacterial 
"chromosome ' (Howard-Flanders et al., 1962; Rorsch et al,,1963; Van de 
Putte er al’, 19603; )Greenbere,” 1904)" 

Biochemical evidence as to the basis of uv-sensitivity in bacteria 
is considerable, Exposure of E. coli to ultraviolet light causes the production 
of pyrimidine dimers (products in which neighbouring pyrimidines in the 
same strand of DNA are covalently linked) (Wacker et al., 1962). Almost 
an equal number of pyrimidine dimers are produced in the DNA of both 
wild type (uv-resistant) and uv-sensitive strains of E. coli when the cells 


are exposed to uv-irradiation (Setlow and Carrier, 1964; Boyce and Howard- 
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Flanders, 1964). The above investigators also established that when 
E. coli bacteria are incubated in the dark following uv-irradiation, 
pyrimidine dimers are released from the DNA of wild type cells, whereas 
.uv-sensitive mutants are unable to eliminate them. They suggested that 
excision of pyrimidine dimers is part of a DNA repair process involved 
in the recovery of the cells after uv-irradiation. Not only in E. coli 
but also in T4 phage (Harm, 1964) genes have been discovered which control 
uv-sensitivity, probably by excision of pyrimidine dimers (Setlow, 1966). 

DNA repair is assumed to involve a sequential action of various 
enzymes in such a way that the excision of pyrimidine dimers is followed 
by a repair synthesis resulting in the restoration of the normal DNA 
duplex (Howard-Flanders, 1968). There is biochemical evidence that excision 
of dimers causes single strand DNA breaks (Setlow et al., 1967) and the 
excised regions may be repaired by a repair replication mechanism (Pettijohn 
and Hanawalt, 1964), 

At least three genetic loci(designated as uvrA, uvrB and uvrC) 
involved in the control of prymidine dimer excision in E, coli (Van de Putte 
eta let, 1965; Howard-Flanders et al. ,1966) are now known. The excision 


' as these mutants 


defective mutants are phenotypically designated as ‘hcr™ 
are unable to carry out ‘host cell reactivation' (i.e., the ability of 

the bacterial cell to reactivate or repair the uv damaged DNA of its bacterio- 
phage (Harm, 1963)). In addition to host cell reactivation, the phenomenon 
called ‘liquid holding recovery' (LHR), i.e., the capacity to recover 

in the dark when irradiated cells are incubated in a non-nutrient medium 


(usually a buffer) is also associated with excision repair (Harm, 1968). 


Excision defective mutants, unlike wild type, are unable to show liquid 
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holding recovery. 

Besides being uv-sensitive, her” strains are also sensitive 
to various chemical agens e,g., mitomycin c, nitrogen mustard (a bi- 
functional alkylating agent) and nitrous acid (Howard-Flanders et al., 
1966; Howard Flanders and Boyce, 1966), all of which are known to cause 
predominantly inter-strand crosslinks in DNA (Howard-Flanders et al., 
loc, cit.). Hanawalt and Haynes (1965) as well as Howard-Flanders et al., 
(loc. cit.) proposed that the excision-repair system is not specific 
for uv-induced photo-products but that it is also involved in removing 
alterations produced by chemical agents, 

Apart from the process of excision.repair, which is not dependent 
on visible light and therefore constitutes a part of the dark repair 
mechanism, there is another process which is able to reverse the lethal 
effects of uv-light by post-irradiation treatment with visible light 
(Kelner, 1949). This phenomenon called photreactivation is under the 
control of a 'photoreactivating enzyme’ which seems to interact with 
DNA containing uv-induced pyrimidine dimers by splitting them apart 
(Wulff and Rupert, 1962). Harm and Hillebrandt (1962) provided the first 
genetic evidence for the existence of an enzyme mediated photoreactivation 
process by isolating a mutant (phr~) from E. coli B which is unable to 
recover colony forming ability under illumination and therefore lacks the 
ability of the 'photoreactivating enzyme’ present in the wild type (phrt) 
strain, Unlike excision repair, photoreactivation is specific for 


pyrimidine dimers only (Setlow, 1966). 
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UV-sensitivity is not only associated with the excision repair 
process but also with the process of genetic recombination (Clark and 
Margulies, 1965). These authors isolated E. coli mutants which were highly 
sensitive to uv-irradiation and in addition were unable to yield recombi- 
nants when tested in suitable crosses, 

Recently several workers have reported on the isolation of 
recombination deficient (rec”) mutants of E. coli (Howard-Flanders and 
Theriot, 1966; Van de Putte, et al., 1966;Ogawa, Shimada and Tomizawa,1968; 
Emmerson, 1968), and of phages T4 (Rupert and Harm, 1966) and lambda 
(Echols and Gingery, 1968; Signer and Weil, 1968). 

In E. coli recombination defective mutants have been detected 
either on the basis of their inability or reduced ability to form recombi- 
nants in a cross with an Hfr strain or on the basis of their uv-or X-ray 
sensitivity. All recombination deficient mutants tested so far, have 
been found sensitive to uv-light, ionizing radiation (X-rays or gamma- 
rays) and methyl methane sulfonate (MMS) regardless of the criterion used 
for their isolation (Howard-Flanders, 1968; Strauss, 1968). It should 
be noted that both X-rays and MMS are known to cause single strand breaks 
in DNA (Strauss, loc. cit.). 

Genetic studies have shown that there are at least three 
different loci, recA, recB and recC which control genetic recombination 
(Emmerson, 1968; Willetts, et al., 1969), Mutations mapping at a 
different locus designated 'exr' cause increased sensitivity to uv, 

X-ray and nitrosoguanidine and exhibit reduced genetic recombination 
(Witkin, 1969). Unlike excision defective mutants, rec” and perhaps 


exr” mutants can excise pyrimidine dimers from their DNA and have normal 
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host cell reactivation capacity (Clark et al., 1966; Witkin, 1969). her 
mutants differ from rec” or exr” mutants, in that hcr mutants do not 
exhibit any sensitivity to X-rays and perhaps to MMS (Howard-Flanders 
and Boyce, loc. cit.). However an exception to the above characterization 
was noted by Ogawa et al., (1968) who described E. coli mutants, mapping 
at a locus called uvr-D, which were phenotypically hcr but sensitive 
to uv-and gamma-irradiation. Apart from genetical studies, biochemical 
information shows that DNA-damage induced by X-rays, MMS and bifunctional 
alkylating agents is also repairable (Strauss,loc. cit.). 

The two processes: excision repair and genetic recombination 
repair, appear to be independent and complementary to each other, as 
has been demonstrated by the fact that a double mutant carrying rec and 
uvr~ mutations is more sensitive than either of the parental strains 


(Howard-Flanders and Boyce, loc. cit.). 


The biochemital nature of the defect in recombination deficient 
mutations is not as yet clearly understood, but there is an indication 
that these mutants are probably defective in a new type of dark repair 
process called 'post-replication repair' or ‘recombinational repair' 
as suggested by Rupp and Howard-Flanders (1968). Their findings show 
that this repair process seems to operate on the daughter strand gaps 
which are produced when the DNA containing pyrimidine dimers replicates. 
Both wild type and excision defective strains are capable of repairing 
such gaps whereas rec. mutants are unable to survive if their DNA 
(containing dimers) is allowed to replicate (Howard-Flanders, loc. cit.). 
Further support for the presence of "post-replication repair" and its 


independence of the excision repair process, was obtained by Radman et al., 


aotsaniasdourads sveds sid 03 mokagaaxe: ns, Xovawall ‘G22 a 
gatyquo ,aansdom ios .i bedtzoesb of (808i) ,.te 36 m 


evidkense aud ~zod y{isstqysonelg sxew dobdw e+ ausol & a8 i 


faskmeiootd  eetbute festisasg mort T1sqA- -nobisthsyi-samay sccethilinialll 


fenolionuttd bas aM ,syor-% yd bsoubst- sgameb—AMd tad awote cot aamretnt | 


-(.daks .29f aausz32@) sIldsitaqe7 oels a adnegs gottsiyiis. 


noldsatdmosss oltenss bur +rhaqat ooletloxs tasesssoig ows sdT _ 


ae ,xailgo dose o3 vrstnemelqmon baa inshasqebnt ed od Teaqgs .thaqst 


boa Susy gnivixss dostiun siduoh « tsix Jost sda yd beIsrtenumsh seed ant 
enistia ace edd ta asitts nadt svistensa stom at anotiaium “a 
* ie ats ~90L ,soyod bas avers lt-brawall) 

Instotiah sotjsntdmessy nt tostsbh sd4 t¢ Ssautsn Ieotmedpotd srt 
aotseoibal os et sued tud ,boolersboy yitbely ts¥ os ton ek saokiasom 
athages Ayeb ta sqyi wan 5 at svkjooiIsh yidsdoxrg s1h Binedum sasd2 said 
"ateqsx Iunoljsotdmoosss' xo 'tksqsy nolisokiqsy-ae0q’ heflss Bes207q 
woe egniboti zisiT .(8ael) axsbnsli-brswok’ bre aqua yd hevhekabe 2s 


eqag bosrte xsidgusb sit no a3staqo OF amase aessotq thagss elds sada 
-@e2sctiqax exemtb ontbimixyq antateinos AMO $43 mai beawhorq sxe dokdw 
aaliitages to sidsqes sis enteite svijosieb noteloxs bas sqyi biiw A308 
AMG xkadis $b ovtvane: nie 978 e3ng3um = asevsiw eqag dove 


, 


. 


me 


(1970). These authors concluded that excision repair is effective before 
DNA replication whereas recombinational repair occurs after and/or during 
replication. Their observations are based on survival studies of uv- 


irradiated phage, on excision deficient (uvr A) and recombination deficient 


(rec~) mutants of E. coli under conditions of normal or inhibited DNA 
replication. Studies on radiation sensitive mutants have revealed 

that DNA repair and uv-mutagenesis are inter-related. Recently these 
studies have been reviewed by Witkin (1969) and her conclusions and those 
of several other workers can be summarized as follows. 

Mutations, from auxotrophy to prototrophy, to streptomycin 
resistance and to the inability to ferment lactose, are induced with a 
much higher frequency at low doses of uv in her” strains lacking de- 
tectable excision ability than in wild type hert strains. Similar results 
are obtained when uv-induced mutations are studied in hert strains post 

treated with inhibitors of the excision repair process such as caffeine and 
acriflavine. These results have been taken to indicate that unexcised 
pyrimidine dimers are responsible cae most of the uv-induced mutations in 
E. coli and hence the excision repair process does not seem to be involved 
in uv-mutagenesis. 

Both rec’ or exr mutations (which are defective in genetic 
recombination and are radiation sensitive) produce none or a very low 
frequency of uv-induced mutations as compared to their wild type 
(rect or exr*) counterparts. On the basis of these results Witkin post- 
ulates that the process of mutation induction by uv-light is, for the 
most part, similar if not indentical, to the process of genetical re- 


combination and hence is related to the recombinational repair process. 
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Besides the low incidence of uv-induced mutability, mutations 
induced by gamma-rays or X-rays have been found to occur at a considerably 
lower frequency in some exr” or rec” mutants when compared with wild 
type strains (Bridges, Law and Munson, 1968; Kondo, 1968), suggesting a 
common mutagenic pathway for uv-light and ionizing radiation. 


Contrary to Witkin's observations, a few rec™ mutants and 


probably also some exr~ mutants have been found to exhibit a response to 
uv-induced mutability comparable to wild type (Miura and Tomizawa, 1970; 
Kato and Kondo, 1967 and consequently these data seem to argue against 
a close relationship between uv-mutagenesis and recombination. 

Biochemical studies on radiation sensitive mutants are very 
limited and have been largely unsuccessful in demonstrating the activity 
of enzymes involved in DNA repair processes. However, the finding that 
some mutants of E. coli as well as of T4 bacteriophage are radiation 
sensitive and at the same time are lacking the activity of certain enzymes 


e.g., DNA polymerase or polynucleotide ligase, is of particular interest 
(Dean and Pauling, 1970; Baldy, 1968). Recent reports indicate that 


the recombination-less strains recB and recC of E. coli lack an ATP- 
dependent endonuclease (Oishi, 1969; Barbour and Clar, 1970). 

It should be mentioned that not only defective DNA repair 
processes (which are always responsible for increased radiation sensitivity) 
but also the impairment of other cellular processes e.g., process of cell 
division are sometimes effective in reducing the colony forming ability 


of the irradiated cells (Adler, 1966). 


Radiation sensitive mutants have also been reported in bacterial 


species other than E. coli e.g., Salmonella typhimurium, Micrococcus 
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lysodeikticus, Serratia marcescens, Hemophilus influenzae, Bacillus 
subtilis and Pseudomonas aeruginosa (Strauss, 1968). In many cases 
the properties of these mutants are reminiscent of their E. coli counter 
parts. However one exception should be noted: most of the recombination 
deficient mutants isolated in P, aeruginosa have been found to be normal 
in their radiation sensitivity (Holloway, 1966; Van de Putte and Holloway, 
1968). 
EUKARYOTES. 

Yeast. To demonstrate the genetic basis of radiation sensi- 
tivity in eukaryotes, yeasts (mainly Saccharomyces cerevisiae) have 
been extensively studies, Laskowski(1960) indicated that homozygosity 
of the gene controlling mating type led to an increased sensitivity to 
ionizing radiation, Later Moustacchi (1965) reported the isolation 
of a mutant resistant to ionizing radiation. 

Nakai and Matsumoto (1967) isolated the first three mutants 
sensitive to uv-irradiation. One of these mutants proved to be sensi- 
tive to X-rays. Moreover, a double mutant, carrying two mutations 
one for uv-sensitivity alone and the other causing sensitivity to 
uv and X-rays both, showed an increased sensitivity to radiation 
when compared with the individual single mutant strains. This 
observation led these authors to assume that the repair pathways 
for the damage caused by uv- or X-irradiation are partly independent. 
Subsequently, Snow (1967 reported six non-allelic uv-sensitive 
mutants of S. cerevisiae, all recessive to wild type. Four of these 
mutants were found to exhibit sensitivity to nitrous acid, 

In an attempt to discover all the genes involved in controlling 


dark repair processes in yeast, Cox and Parry(1968) isolated 96 
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uv-sensitive mutations which fell into 22 complementation groups separable 
by recombination. All mutations were found to be recessive to wild type 
and five of these mutants exhibited an increased sensitivity to gamma- 

ray irradiation when compared to the wild type control strain. Zimmermann, 
(1968) tested the sensitivity of these mutants to nitrous acid (HNO?) and 


methyl methane sulfonate and reported that most of the mutants sensitive 


to HNO» are also sensitive to MMS. Four of the mutants were sensitive to 
all the four agents i.e., uv, gamma-rays,»MMS and HNO9- Moreover the 


extent of cross sensitivity to various agents was variable. For instance 
a mutant which is highly sensitive to uv may be only slightly sensitive 
to gamma-rays. These observations led to the assumption that several 
independent pathways are involved in the cause of a given uv-induced 
damage and that each of these pathways may have different efficiency in 
repairing damage caused by other agents. Based upon their observations 
that uv-sensitive mutants are cross-sensitive to nitrogen mustard and 
X-ray sensitive mutants exhibit sensitivity to MMS inactivation, Brendel 
et al., (1970) have suggestéd the involvement of similar common steps 
in the repair of alkylation and radiation damage in yeast as were ob- 
served in bacteria (Strauss, loc. cit.). 

Resnick, (1969) isolated mutants which showed sensitivity to 
either uv or X-ray or to both. Two of his X-ray-sensitive mutants 
(xs-2 and xs-3) turned out to be allelic to the intragenic recombination 
(mitotic) deficient mutants isolated by Rodarte-Ramon et al., (1968). 
The latter authors obtained 10 mutants deficient for mitotic intragenic 
recombination of which four proved to be X-ray-sensitive and thus provided 
evidence for the existence of a relationship between radiation sensitivity 


and genetic recombination in yeast. However, subsequent studies by 
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Rodarte-Ramon and Mortimer (1972) have suggested that some steps of the 
recombination process in yeast may be independent of the process of 
radiation damage repair since four of their recombination deficient 
mutants exhibited wild type response to both, x-ray and uv-light. 
Resnick (loc. cit.) obtained a uv-sensitive mutant, uvs 9 which showed 
normal sensitivity to X-ray and exhibited a much higher uv-induced 
mutation frequency for all loci studied as compared to the wild type: 

a characteristic which resembles that of E. coli mutants defective in 
excision repair. 

Double mutants carrying alleles, conferring sensitivity to 
uv-light or X-ray or both, in various combinations, were constructed by 
Khan, et al., (1970). A study of these mutants suggested that there 
exists at least three independent pathways for repairing DNA damaged by 
radiation: (i) a pathway which repairs uv-damage, (ii) a pathway which 
alters X-ray damage and (iii) a pathway capable of handling components 
of both uv- and X-ray damage. Existence of independent repair pathways 
as suggested by Khan, et al., (loc. cit.) is also implicit in the work 
of Brown and Kilbey (1970) who isolated 'hyper' uv-sensitive 
mutants from a uv-sensitive strain uvs-l reported on by Nakai and 
Matsumoto (loc. cies). Two of these hyper-sensitive mutants showed an 
increased sensitivity to gamma-rays. 

Nakai (1969) reported that an X-ray sensitive mutant xsl which 
is normal in its sensitivity to uv, exhibited a reduction in the frequency 
of somatic recombination and failed to form tetrads. The author claims 
that these characteristics resemble those of the rec” mutants of E. coli. 


However, unlike E. coli mutants, the xsl mutant yielded a normal 
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or higher frequency of X-ray induced mutations when compared with the 
wild type strain at equal doses. An increased frequency of uv-induced 
mutations was observed in a uv-sensitive mutant uvs-l, which is normal 
in its sensitivity to X-rays (Nakai and Yamaguchi, 1969). 

Kilbey and Smith (1969) argued that mutant _uvs-1 (described 
above) resembled a bacterial excision defective mutant in its sensitivity 
to diepoxybutane (a bifunctional alkylating agent), nitrosoguanidine and 
in its responses to photoreactivation and liquid holding recovery. 

Moustacchi and Enteric (1970) compared the survival of a 
uv-sensitive mutant (uvsl-3) with the wild type strain, in both haploid 
and diploid state, after post-irradiation treatment for photoreact- 
ivation and liquid holding recovery. On the basis of their observations, 
the authors suggest that there are at least two types of dark repair 
processes for altering uv-damage in yeast. One is active in haploid 
resting cells and is probably related to excision repair mechanism; 
whereas the other dark repair mechanism is active in dividing haploid 
cells or diploid cells either resting or dividing, may involve chromo- 
somal exchanges. The latter mechanism appears to be equivalent to 
recombinational repair as postulated by Rupp and Howard-Flanders, (1968) 
for E. coli. Mutants sensitive to both uv and X-rays have been reported 
to show a variable response for uv-induced mutability (Averbeck et al., 
1970). Two of the mutants, r81 and r°3-2 showed increased uv-induced 
reversion frequemcy from auxotrophy to prototrophy as compared to the 
wild type strain. However, reduced frequency of uv-induced mutations 
was observed in mutant r82, whereas no revertants, induced or spontaneous, 
have been detected in mutant r83-1, It should be noted that both r83-1 


and r83-2 are mutations of the same gene. 


(QA2L tHougemey hoe intel) ever-X od wShvisteuse what 
bagroesb) f-evu tasdum dnd? bougss (@20t) datme bom yodtks 
ytividiense att ot toasum Sviassteb aotetoxs L[atiteicsd s bsidmeve2 (ettedn: 
bes sakbtasugoeotsin ,(inegs goiszefwils Lanoljonuitd s) emadudyxoqstb oF 
| -yxeveoss gniblod bkeptl bas notteviiosstosorq oF sseaoqeet etd at 
8 to Isvivive six betsaqmos (OV@l) otteiee bos tdooageawol Z 
bhofqed tod at ,niszia sqyt bilw eda ditw (t-levy) soadum inutaina 
sJ5aexo3 009. 10? tnamizass hokselbartl—te0q ta3ia ,siste bholgtb bas 
enetjavrsado thad2 to elesd sii 60, .yisveosr gathlod biwptl bas molsavd 
ThRG ST Azsb lo wsqyd ows taasl 26 915 sania jadi Jasgaue arod3us ada 
htofgad ot svitos pt eqO .tasay ni sgsmeb-vu gotxstis yo} esaesoorg 
imatasdoon tlaqey molatoxs at biadattate yidedorq ek bas eliso gntzear 
biolqed gbiblvif ol svtzon sf maiasdosm theasx xeb aeilz0 sd esexvedw 
~omords svloval yam .gtibtvkb so gutiesy zedits alles bhafqtb zo alles 
03 Jaslaviups sd oJ exssqas weiretioem testisl adT .eegnoioxe Iemom =~ 
(8ae@L) ,stebaali-brewoll brs qqwh yd betsluseog as stage isnot Janidmsecst 
bastoqe: sad svad ayn brs vu dod ot svittanse #jnegué tion .% s0% 
«+18 3s dosdrevA) yatitdsaum besubat-vu 103 Seanogest sidetisv sa wode of 
beoubst-vu beesetsni bewolld $-£%: bos I%4 jetnedum add to owt OTOL 
add 03 bezsqmos as vigorei07q O35 \dgoaioxos mo1t \Yonswpe1l nobersvex 
enoljasum besubni-vu Io Yomeuper? besubar <aatiaial Riezie equa bliw 
sevoansjnogs 30 Desubsl .etasitever jon saetsry) (S#r Ionium ni bovessdo new 
1~€%3 30d aed’ boson od’ bluprle 91 \1-€%3 toesum nt bodoedeb need sved 


aR 


In yeast, uv-induced lesions, presumably pyrimidine dimers are 
responsible for most of the uv-induced mutations and for mitotic gene 
conversion (Parry and Cox, 1965, 1968; Pittman, 1961). The basis of 
these observations concerns the fact that (i) both, the frequency of 
gene conversion and the frequency of uv-induced mutations are positively 
correlated with increasing uv-dose and (ii) after photoreactivation 
treatment the effect of uv-irradiation is considerably reduced. More- 
over, uv-sensitive mutants which are presumably defective in excision 
repair,yielded an increased frequency of uv-induced mutations as well as 
of uv-induced mitotic gene conversion when compared with the wild type 
strain of yeast (Mori and Nakai, 1968; Snow, 1968; Moustacchi, 1969; 
Nakai and Yamaguchi, 1969). 

These studies, thus seem to indicate that uv-induced lesions 
stimulate genetic recombination or at least mitotic gene conversion. 

In E. coli similar observations have been made, which show that the 
frequency of uv-induced genetic recombination is considerably higher in 


her” strains when compared to wild type (hcr+) strains at equal doses 
of radiation (Howard-Flanders and Boyce, 1966). On the other hand, Mori 
and Nakai (loc. cit.) observed that the frequency of uv-induced or 
X-ray induced mitotic gene conyersion in X-ray sensitive mutants of 
S. cerevisiae was almost completely suppressed over the dose range 
investigated. Snow (1968) observed that the meiotic recombination in 
diploid uv-sensitive mutants did not significantly differ from that of 
wild type strains. 

A new approach was made by Lemontt and Mortimer (1970) for 


studying the relationship between radiation sensitivity, uv-induced 


mutability and genetic recombination. These authors isolated mutants 
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of S. cerevisiae by direct selection for reduced uv-induced mutability. 
In testing, these mutants were found to be mod2rately sensitive to both uv 
and X-rays (Lemontt, 197la) and are referred to as 'reversionless' (rev) 
mutants. None of the rev mutations tested, were found to affect either 
spontaneous meiotic intergenic recombination or radiation (uv and X-ray) 
induced mitotic intergenic recombination, suggesting that recombination 
events may not necessarily be essential for uv-mutagenesis. 

Mutants defective in photoreactivation were isolated in 
S. cerevisiae by Resnick (1969). More direct evidence for the exist- 
ence of a photoreactivation mechanism in yeast was presented by Rupert. 
(1960) who extracted the photoreactivating enzyme. 

Besides S. cerevisiae, uv-sensitive mutants have been developed 
in Schizosaccharomyces pombe (Fabre, 1971; Haefner and Howrey, 1967; 
Guglielminetti and Schupbach, 1968, Nasim, 1968). Nasim, (1968) 
observed one highly uv-sensitive mutant of S. pombe showing significantly 
reduced frequency of uv-induced (adenine auxotrophs) forward mutation 
and two mutants with intermediate uv-sensitivity exhibiting higher 
forward mutation frequency after uv-induction. 

Not only mutations of nuclear genes can be held responsible 
for conferring radiation sensitivity: cytoplasmic mutants and mutations 
impairing the process of cell division as isolated in yeast,may have a 
similar effect (Nakai, 1969). 
Other microorganisms. 

In Aspergillus rugulosus mutants sensitive to uv and nitrous 
acid have been described by Lennox and Tuveson (1967) and in A. nidulans 
by Lanier et al., (1968). In A. nidulans crosses homozygous for mutations 


affecting radiation sensitivity were found to be sterile. 
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Recently six uv-sensitive mutants have been reported on in 
A. nidulans which fall into four complementation groups: uvsB ,uvsC ,uvsD 
and uvsE (Jansen, 1970a;Fortuin, 197la). Two of these mutants, uvsC 
and uvsE are uv-sensitive only when germinating conidia of these strains 
are irradiated whereas dormant conidia of uvsB and uvsD mutants are uv- 
sensitive, Presuming that recombination repair only occurs in germinating 


conidia and excision repair in dormant conidia, Fortuin (1971b, 197¥V) 


and Jansen (1970b) argued that mutants uvsC and uvsE are defective in 
recombination repair and uvSB and uvsD are defective in excision repair. 


Further studies showed that the uvsD mutation enhances, and the mutation 


uvsE diminishes spontaneous mitotic intragenic recombination (Fortuin 
1971b, 1971d). On testing, the uvsE mutant showed an increased sen- 
sitivity to X-ray and in addition exhibited normal uv-induced mutability. 
The uvsD mutation on the other hand, showed a reduced frequency for 
uv-induced mutability. Crosses homozygous for uvsD or uvsE were found 
to be partially sterile and in these crosses no significant effect on 
meiotic recombination was observed. On the other hand, uv-sensitive 
mutants of A. nidulans are known,which exhibit an abnormally high frequency 
of spontaneous mitotic intergenic recombination (Shanfield and K¥fer, 1969). 
In Ustilago maydis, Holliday (1965) isolated three uv-sensitive 
mutants, uvs-l, uvs-2 and uvs-3. Both uvs-1 and uvs-2 showed an increased 
sensitivity to X-rays. Recombination studies indicated that meiotic re- 
combination is normal in uvs-l and uvs-3 whereas the mutation uvs-2 
completely blocks meiosis (Holliday, 1967). uv-induced mitotic intergenic 
recombination is suppressed in both uvs-2 and uvs-3. In addition, 
mutant uvs-3, showed an increased mitotic gene conversion when compared 
to the wild type. An increased frequency of spontaneous mitotic re- 


combination was observed in the mutant uvs-2. 
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Ultraviolet sensitive mutants have been reported in the green alga 
Chlamydomonas reinhardi by Davies (1967). Some of these mutants showed 
an increased uv-induced mutability when compared to the wild type strain 
(Davies and Levin, 1968). 

In Neurospora crassa, Chang and Tuvesor (1967) published data on 
the isolation of two uv-sensitive mutants. Both of these mutants exhibited 
also an increased sensitivity to nitrous acid whereas one of these mutants, 
uvs-l was also found to be sensitive to the treatment of nitrosoguanidine. 


Crosses homozygous for these mutations were sterile. 


Stadler and Smith (1968) fsolated in Neurospora crassa another 


uv-sensitive mutant (uvs-2) which in homozygous condition had no effect on 
meiotic recombination. Recently Schroeder (1970a,1970b) has reported on 
three uv-sensitive mutants , uvs-3, uvs-4 and uvs-5. Crosses homozygous for 
each of these mutations were either sterile or did not show any effect on 
meiotic recombination. Mutant uvs-3 showed an increased sensitivity to 
X-rays and nitrosoguanidine. In her conelusion Schroeder pointed out that 
defects in mutants uvs-3 were associated with meiotic abnormalities and 
perhaps with an increased frequency of mitotic recombination. 

A mutant, upr=1 isolated in Neurospora crassa showed an increased 
sensitivity to uv-light in the dark and was found to be defective in photo- 
reactivation (Tuveson and Mangan, 1970), indicating the existence of photo- 
reactivating enzyme. Direct evidence for the existence of a photoreactiv— 
ation process in N. crassa was already known from the work by Terry and 
Setlow (1967), who extracted the photoreactivating enzyme from this fungus. 

Recently De Serres (1971) studied uv-induced mutability in all 
the uv-sensitive mutants of N. crassa described above. Both uvs-3 and uvs-4 


showed a marked reduction in the frequency of uv-induced forward mutations 
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at the ad-3 A and ad-3 B loci, whereas uvs-2 was highly, and uvs-l, upr-l, 
uvs-5 were less mutable as compared to wild type strain. Chang eteal 
(1968) earlier reported that mutant uvs-l also showed a reduced frequency of 
forward mutations for caffeine resistance when induced by uv. The fact that che 
characteristic to affect mutability is not a sole property of uv-sensitive 
mutants was shown by Mehta and Weijer (1971) ,who studied uv-induced mutability 
in gamma-ray sensitive mutants of Neurospora crassa. 

As in yeast, a non-nuclear control for uv-sensitivity exists in 
N. crassa (Chang, Tuveson and Munroe, 1968). 

Not only in microorganisms but also in higher plants (Riley and Miller, 
1966) and animals (Watson, 1969) radiation sensitive mutants are known which 
are defective in meiotic recombination. 

In summary, studies pertaining to the genetic control of radiation 
sensitivity in both, prokaryotes and eukaryotes as described above, appear 
to indicate an underlying relationship between the mechanisms involved in 
DNA repair, uv-induced mutagenesis and genetic recombination. Nevertheless, 
the relationship seem to be far more complex in eukaryotes than in bacteria 
and phages. This complexity at the eukaryotic level may reflect the com- 
plexities of the nature of DNA repair processes and also the complexities 
of processes of mutagenesis and genetic recombination in these different 


organisms. 
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MATERIALS AND METHODS 


1. Strains 

The following strains of Neurospora crassa were used in this 
study: 

(1) pe (Y8743m) a, wild type reference and the strain in which 

gamma-ray sensitive mutants were induced 

(2) pe (¥8743m) A 

3) =46-55eal 2 (15300), pan-2 (B83), tryp-2. (75001) A 

(4) 467, ad=l (3254), pan-2 (B5), a 


(5)) £l, (ijmae Strains used as tester Stocks for 
(6) £1 (L) A ) mating type determinations. 


(7) uvS-3 a 


The phenotypic characteristics associated with the alleles described 
above are as follows: 


Peach coloured conidia 
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Albino conidia 


pan-2 (B3) = A requirement for pantothenic acid; pan-2 
(B3) complements with pan-2 (B5) 


pan-2 (B5) = A requirement for pantothenic acid; pan-2 
(B5) complements with pan-2 (B3) 


ELYp qe = A requirement for tryptophan 

ad-1 = A requirement for adenine 

padl, = Fluffy, little aerial growth and non- 
conidiating. 

A and a = Mating type alleles 

uvo-3 = Sensitive to uv and x-ray 


The loci pe and fl are situated on linkage group II; the mating type 
(A vs. a) and al-2 loci are on linkage group I. The loci ad-1, pan-2 


and tryp-2 belong to linkage group VI. 
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All the strains were obtained from the Fungal Genetic Stock Center 
(Hanover, New Ham except number 3 and 4 listed above, which were 
obtained from Dr. S.F.H. Threlkeld, McMaster University, Hamilton (Ontario). 
All the strains described above are known for their mixed genetic back- 
ground ( arratt and Ogata, 1970). 
2. MEDIA 
Minimal medium. The strains were usually grown on solidified 
Vogel's Medium N (Vogel 1964) supplemented with the appropriate growth 
factors at the rate of 50 mg per litre of medium. For the growth curve 
studies liquid minimal medium (without solidifying component) was used. 
Complete medium. Ascospores, from crosses segregating for 
biochemical markers, were isolated on solidified complete medium con- 
sisting of Vogel's Medium N plus 0.5% yeast extract, 0.5% casein hydrolysate, 
0.1% standard vitamin solution and 0.005% tryptophan. 
Sorbose medium. For single colony isolation or for colony counts, 
solidified sorbose media of the following compositions were used. 
(i) Sorbose minimal medium. Medium N was supplemented with 
1.5% sorbose, 0.05% glucose and 0.05% fructose (Brockman 
and de Serres, 1963). Where necessary an appropriate 
growth factor at the rate of 0.005% was .added. 
(ii) Sorbose complete medium. Medium N plus 0.5% yeast extract, 
0.5% casein hydrolysate, 0.1% standard vitamin solution, 


0.005% tryptophan, 1.5% sorbose, 0.05 glucose and 0.05% fructose 


Crossing Medium. All crosses were made on synthetic crossing 
medium (Westergaard and Mitchell, 1947). Biochemical 


requirements were added, where necessary, at the rate of 50 mg/ 
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litre of medium. All media were solidified with 1.5% agar. 


METHODS 


(i) 


(ii) 


Conidial suspensions: Conidia were harvested from 7-10 
days old cultures growing on the slants in test tubes at 
25°C, in sterile 0.066M phosphate buffer (Na-Na), pH7.0 
(Chang and Tuveson, 1967). Five ml of buffer solution 
was added to each culture tube. After adding some glass 
beads, the tubes were shaken vigorously on a Vortex Mixer 
for about 2 minutes. This suspension was then filtered 
through sterile cheese cloth and glass wool twice with one 
more shaking on the Vortex mixer before second filteration. 
This operation yielded a conidial suspension free of my- 
celial fragments and clumps of conidia. The concentration 
of conidia in the suspension was determined by haemocytometer 
counts. Four samples of each suspension were counted and 
the average of these counts was used to calculate the con- 
centration of the given suspension. Subsequently suspensions 
were adjusted to the required concentrations. 
Gamma-irradiations: A gamma cell with a Cobalt-60 source 
of gamma rays was used for irradiation experiments. The 
gamma—dose-rate was measured by using a Fricke dosimeter 
(Allen, 1961). 
Isolation of gamma-ray-sensitive mutants. The gamma-ray 
sensitive mutants were induced in pe (Y8743m) a with uv 
light (uv dose: 2700 ergs mm-2, dose rate: 10 ergs 


mm-2 sec-l), uv-irradiated conidia of this strain were 
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plated on sorbose minimal medium (approximately 70 viable 
conidia /plate) and incubated in the dark at 25°C for 48-50 
hours. Replica plating methods were employed using filter 
paper saturated with minimal medium supplemented with 

sorbose, fructose and glucose. The filter papers bearing the 
growing colonies were placed on solidified mintmal med#&uin 
(supplemented with sorbose, fructose and glucose) petri 

plates and were exposed to gamma-rays (dose 67 Krads; dose 
rate: 6.7 Krads (min-!) from a 60-cobalt source. After irrad- 
iation they were incubated at 25°C. After 3 days of incubation 
absence of colonies or very limited growth of colonies on the 


replica plates (when compared with the "master" plates) 


was scored. and subsequently these colonies were isolated from the 
"master” plates as presumptive gamma-ray sensitive mutants. Twenty 
suspected gamma-ray mutants were isolated in this manner from 7250 
surviving colonies. All the twenty-isolates were then retested for 
gamma-ray sensitivity and only 8 isolates turned out to be gamma- 


sensitive. On subculturing for 10-15 times, two of the eight mutant 


reverted back to the wild type phenotype. The remaining 6 


mutants were back-crossed to the wild type pe (Y8743™)A and 


recovered by single ascospore isolation from these crosses. 
These six mutants were designated as, gs-l, gs-2, gs-3, 


gs-4, gs-6 and gs-20. 


Gamma-ray survival curves:Four ml of the conidial suspension 
Gla x 10°conidia/ml) of a given strain were delivered into 


each of seven sterile tubes (/5 x 11 mm). One tube was kept 
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as control and the remaining six were irradiated sim- 
ultaneously at isodose positions in the Cobalt-60 gamma 
cell. Each tube was then taken out of the cell at the 
predetermined time interval. After making appropriate 
dilutions, control and irradiated samples of conidia were 
plated on sorbose minimal medium and incubated at 30°C for 
three days before colonies were counted. The dilutions were 
so adjusted that, depending upon the dose of radiation used, 
each plate received 5 x 102 - 104 conidia of wild type and 


103 - 3 x 104 conidia of gamma-ray sensitive mutants. The 


control plates in all the strains received only 102 per 

plate as to minimize the difference in the colony density 

per plate under various treatments of different strains. 
Three independent experiments were carried out for each 


mutant strain and wild type. Five plates were used for each 


radiation level. Each mutant strain was irradiated simult- 


aneously with wild type as a control. 

Qualitative tests for gamma-ray sensitivity: Qualitative tests for 
gamma-sensitivity were carried out by irradiating a 4 ml 
conidial suspension (1x1l05 conidia/ml) with a dose of 134 
krads. The tubes were properlyshaken and three drops of 
each irradiated sample were placed separately on the sorbose 
medium with the tip of 1 ml pipette and incubated at 30°C. 
After 3 days of incubation gamma-ray sensitivity was indicated 
either by an absence of growth or by extremely poor growth. The 
wild type strain was always used as the control reference in 


gamma-ray sensitivity tests. 
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(iii) uv-irradiation: 

A General Electric G 15T8 Germicidal lamp (15 Watt), 
which transmits about 50% of its energy at a single wave- 
length of 25378, was used as a source of uv-irradiation. 

The uv-dose-rate was measured by chemical actinometry using an 
uranyl oxalate solution (Calvert and Pitts, 1967). 

For uv-survival curves and for mutation induction, a 15 ml 
sample of a conidial suspension (1 x 10’ - 1x108 conidia/ml) 
from each of the gamma-ray sensitive mutants and the wild type 
strain, were irradiated with uv-light in 10 cm glass petri 
dishes. During irradiation the samples were gently agitated 


at a fairly constant (22.5°C) temperature. 


For the induction of forward mutations for caffeine resist- 
ance or acriflavine resistance, a conidial suspension of a 
particular strain was irradiated with various doses of uv- 


alin, 


light (dose rate 11.3 ergs mm”? sec One ml sample was with- 


drawn after each dose treatment (time-interval) and sub- 
sequently diluted in sterile distilled water to predetermined 


conidial density levels. 


Diluted samples of irradiated and unirradiated conidia were 
plated on sorbose minimal medium either supplemented with 
caffeine (2500 yg/ml) or acriflavine (10 ug/ml). Each 
plate was spread with 1x10© .1x10/ conidia. For the deter- 
mination of survival counts sorbose minimal medium plates 


were used. These plates received 10% - 104 conidia/plate 
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depending upon the level of the uv-dose. All plates were 
incubated in the dark at 25°C. uv-irradiation and subsequent 
plating of the samples were performed under yellow light to 


prevent photoreactivation. 


Plates for viability and mutability tests were incubated 
for 4 and7 days respectively. Due to the fact that the 
concentrations of caffeine or acriflavine amployed in the 
medium do not permit the growth of wild type conidia, any 
colonies, regardless of the rate of growth, appearing on 
the plates supplemented with caffeine or acriflavine, were 


considered as caffeine or acriflavine resistant mutants. 


The mutation frequency for caffeine or acriflavine resistance 
as well as uv-survival frequencies for all the strains were 
calculated on the basis of the pooled data of the three 
independent experiments. Three plates were used for each 


uv-dose level and for the control. 


For. the induction of ad+ revertants, unirradiated and irrad- 
iated samples of conidia were spread on plates of sorbose 
minimal medium supplemented with the appropriate growth 
factors but adenine. The induetion procedure for ad+ 
revertants is similar to the one described above for the 


induction of caffeine resistant mutations. 
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IV. Post uv-irradiation Treatment: 

Fifteen ml of conidial suspension (1x10/ /m1) were irradiated 
with uv-light (dose: 678, 2034, 3390 ergs mm-2, dose rate 11.3 ergs 
mm-*sec.~l), One ml sample of conidial suspension was withdrawn after 
each dose treatment and 0.1 ml of this sample was put into each of the 
4 tubes containing 5 ml of sterile distilled water and into each of the 
two tubes containing 5 ml of caffeine (.25% in distilled water) solution. 
Unirradiated samples were similarly treated One set of 4 tubes each 
(3 tubes, containing samples irradiated with three different uv-doses 
and 1 tube containing unirradiated sample) was subjected to photoreact- 
ivation, delayed photoreactivation, liquid holding and immediate plating. 
The set of the tubes containing caffeine solution were used to study the 
effect of caffeine on delayed photoreactivation and liquid holding. 
Photoreactivation: 

For photoreactiviation, tubes were put at a slant on a wire 
mesh which in turn was placed between 4 General Electric 40 Watt, 47 inch 
cool white fluorescent lamps ; two ina fixture 15 cm above and two 20 
cm below the tubes. A fan was placed horizontally at one end of the 
tubes to circulate the air between the lamps so as to maintain the tempera- 
ture at 25°C. A 30 minute exposure was used as the standard photoreactivation 
time as this treatment caused maximum photoreactivation of the wild type 
strain irradiated with a uv-dose of 3390 ergs mm~2. 

Delayed photoreactivation: 

To test delayed photoreactivation ability both in presence or 

absence of caffeine, conidial suspensions were held in the dark for 


6 hours at 25°C followed by a 30 minute photoreactivation treatment. 
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Liquid Holding: 

Samples with and without caffeine were held in the dark for 
6 hours at 25°C, After these treatments conidial suspensions were further 
diluted and plated on sorbose minimal medium. For survival counts 
(immediate plating) samples were diluted and plated on sorbose minimal 
medium immediately after irradiation. 

All plates were incubated in the dark at 25°C for 4-5 days 
before the colonies were counted. 
V. Mating, isolation of unordered asci and random ascospores. 

In each cross a protoperithecial strain was grown in petri- 


dishes each containing 15 ml of synthetic crossing medium with appropriate 


supplements for 5-6 days at 25°C, At the end of the incubation period 
excessive mycelia were removed from these plates. For fertilization 

one ml of conidial suspension (1x10°/m1) from 7-8 days old cultures 

of each of the strains used as spermatial parents, was distributed over 
the surface of the plates of the respective protoperithecial parent. The 
plates were further incubated for a period of 15-20 days. Removal of 
excessive mycelia ensured the formation of greater number of perithecia 
in the plates and the release of a larger quantity of ascospores on the 
lid of the crossing plates. 

Unordered tetrads were collected as shot groups of ascospores 
on 4% agar-water slabs placed on microscope slides under the inverted 
cross plate (Strickland, 1960). Spores were isolated in individual 
75 mm tubes containing 2.5 ml of solidified complete medium which were 
heat-shocked for 30 minutes in a 60°C water bath and incubated at 25°C. 


After 5-6 days of incubation, cultures were stored at 4°C until used for 
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further tests. 

To collect the random ascospores from the crossing plates the 
method as described by Fincham (1967) was applied. After heat-shock 
treatment (as described above) ascospore suspensions were diluted as 
required and spread on the surface of the solidified sorbose medium 
supplemented with appropriate biochemical requirements. The plates were 
incubated at 25°C for 5-6 days. At the end of the incubation period 
plates were stored at 4°C until these were scored for viable counts 
and phenotypic characterization of the colonies. 

VI. Genetic Analysis: 

The scoring for genetic segregation of gamma-ray sensitivity 
(gs) was done in the following crosses in which strain 46-5, al-2 
pan-2 (B3), tryp-2A, was used either as the protoperithecial or 
spermatial parent: 

Se leperd 240-5) al—2 pan—2) (53). tryp 2.4 
S-2e pea a4 0-2) pane 2 (03) Petry p— en 
gs-3 pe a x 46-5 al-2 pan-2 (B3), tryp-2 A 
igs-4eperas x 140-5) al—2 pan—2 (83), tryp-Zen 
@s8-Ospe asx .46-57al—-2 pan-2 (B3)e) tryp=2) 8 
g3520.peya x. 46-5 al—2\pan-2 (83), trypo2 A 
ihesxeciprocal.cross,46—5,.al—-2;pan-2 (B3), tryp-2_A x,gs-3 pea 
could not be established due to male sterility of the strain gs-3 pe a. 

Six to ten complete tetrads resulting from each cross (where 
possible including the reciprocal cross) were analyzed for the segregation 
of genetic markers, mating type (A/a), pan-2, tryp-2 and gs. Scoring for 


the segregation of gs with respect to marker pe was not possible. 


ae hozolkh sass seams weit Sees bedtaaaeb as) Jesmsser2 
mutbem-se0d3oa betithiice sf to anaitue afd mo bustq2 bae boxskupes 
evsw asiélq odT .etnstertupss Isotmedsoid ststyqo1qgs djiw bednemelqque 
botisq solisdyont sd¥ to bos edi 34 .eysb 8-¢ tot 0980 96 heteduont 
atauos sidelv 101 beyoce stew sasid Liiny D°A ts caaeee sisw asl ig 
.aataolos si} to nolzesizstosteiio skgytzenedq bas 
‘aleyiamh oi3ene8 IV 
Yiividiense ysi-smmbg to molisye1g9e olisnsy 207 ymivooe SAT 

S~fe ,2-00 ghee daldy mi asseors aniwolicot sdi mt sacb saw (eg) 
to Iptoediiiegoso1g $f3 as sodzie beeu sew .AS-gyas , (ea) S~nag 
tans Taq {atssorsgqe 

A S-gyad , (Ca) aes! S-Is ¢-00 x 8 ag [-ay 

A S=gy23 ,.(EH) usin $-Ie ,2-0) x 8 (9g Sea" 

AvS~gyts .(EB) SABE S-fe cat 4 6-94 E-eq 

& f-qyss fle) S-ong S=fs C50 x eee beg 

A S-gyad , (EM) fag SIs bah x 4 oq Sep 

A Sqn (ea) in@aq S-te @-c} x » sg Of-ag 
& Sg f-Eg x A Saya (£8) S-neq S-ts ,t-dé swore Iss0xgtosx ad 
-8 8q Preg nlotse on3 to vikilieze sfam o2 sub betletidsses sd tom bivoo 
stsrivw) 68019 Adams ae gait afuaen abptss3 sisiqmes o94 02 xl2 
noljagetgea silt} tod Sali tetee ate 2 bass [soo1qgisst ssid anibulool sidbaeoq 
od yabr0d2 28 baa S-geaa «Sane Kah) oat? ame eatadisa stieneg Yo 
sidzeeog Jon sey 9g totam 02 dosqaet ie 98 to notingsigee. ola 


~29= 


difficulty in differentiating the peach phenotype from the wild type 
eontdiaimcalour. 

One unordered tetrad resulting from a cross wild type, 
pe (Y8743m)a x 46-5 al-2 pan-2 (B3) tryp-2 A was used as a control in the 
qualitative tests performed for the segregation of gamma-ray sensitivity. 
An individual ascospore culture was streaked on sorbose thedium, sorbose 
minimal medium plus pantothenic acid or tryptophan or both to score the 
phenotype of the segregants with respect to the biochemical marker 
pan-2 and tryp-2. Mating type tests were performed by placing a drop of 
conidial suspension on the plates of tester stocks, fl a and fl A. 
VII. Inter allelic Recombination Frequency: 

The frequency of recombination between two pan-2 alleles, 
pan-2 (B3) and pan-2 (B5) was studied in the following reciprocal crosses: 


(1) 46-5, gs*, a1-2, pan-2 (B3), tryp-2A x 467, gst, pan-2(B5), ad-l a 


+ 


(2) gst, al-2, pan-2 (B3), tryp-2, a x gs*, pan-2 (B5), ad-1 A 


(3) gs-2, pan-2,(B3) tryp-2 a x gs-2, pan-2(B5), ad-l A 
(4) igs=4,) pan-2, (BS)e tryp-2ea x ees-4, pan-2 (B5,) ad=1 A 
(5) ea-6, al-2, pan—2) (85), tryp-2.a x gs-6, pan-2(E5)" ad-1l A 


(6) es—20,) pan-2(53),, tryp-2 4) =x gs-20,, pan—2 (D5) ad dt 


The above strains (involved in crosses 2-6) were obtained by crossing 
the gamma-ray sensitive mutants (gs-2, gs-4, gs-6, gs-20) as well as 
their wild type progenitor gstpe (Y8743m) individually with 46-5, 

al-2, pan-2 (B3) tryp-2 A and with 467, ad-1, pan-2(B5) a. Before 

these strains were used for recombination studies (as indicated above), 
all of them were back-crossed twice to wild type pe (¥8743m) to minimize 


the background genetic differences between them. 
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To determine the frequency of pant recombinants between pan-2 
(B3) and pan-2 (B5), each cross was made 4 times. To select pant 
recombinant colonies, random ascospores originating from each of the 
crosses were heat-shocked and plated on 17-18 sorbose minimal medium 
plates supplemented with adenine and tryptophan. Each plate contained 
approximately 1x10? ascospores. For ascospore viability counts three 
sorbose minimal medium plates supplemented with tryptophan, adenine and 
calcium pantothenate were used for each cross. Each plate was spread 
with heat-shocked ascospore suspension containing approxiamtely 100 
spores. The plates were incubated at 25°C and colonies were counted 
after 4-5 days and results were recorded. Ascospore viability varied 
from 50 - 80% in these crosses. 
VIII. Nuclear Numbers: 

Samples of conidia from wild type and gamma-ray sensitive mutants 
(7-8 days old cultures) were stained with aceto-orcein following the pro- 
cedure used by Barry, (1966). Number of nuclei included in each conidium 
were counted under the microscope. On an average about 600-800 conidia 
were counted from each strain. .Conidia which showed no nuclei were con- 
sidered unstained and were not counted. All the conidia in each observed 


field were counted, 


IX. Growth Studies: 

Ten ml of the conidial suspension (1 x 106 conidia/ml) was 
delivered into a flask containing 100 ml of liquid minimal medium. One 
flask was used for each time interval. The flasks were kept on a 


reciprocating shaker at 25°C. At the end of each predetermined time 
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interval, contents of the respective flasks were filtered through milipore 
filters or glass filters. The filtered samples were. dried over-night 
under vacuum in a desiccator and the dry-weight of mycelia was determined. 
X. Electron Microscopy: 

Four ml samples of conidia (density; 5 x 107 conidia/ml) were 
irradiated with gamma-rays (dose: 31 Krads, 93 Krads, 186 Krads). Both irradiated 
and unirradiated samples of conidia were subjected to electron microscopic 
studies. For ultra-structural studies of mycelia the controlled and 
irradiated conidia were plated on solidified minimal medium and incubated 
at 25°C. After 24 hours of incubation, mycelia were removed from the 
surface of the medium by means of scraping. 

Conidia and mycelia were fixed in 3% gluteraldehyde in 0.1 M 
phosphate buffer for eight hours (see Pease, 1964). After a brief rinse 
in phosphate buffer the material was post fixed in 2% osmium tetraoxide, 
(prepared in 0.1 M phosphate buffer) for 4 hours. The fixed material was 
dehydrated in grades of ethanol. The fixation and dehydration were carried 
out at room temperature. The mycelia and conidia were embedded in 
Arldite- Thin sections were cut with a diamond knife ona 
Reichert Ultra-microtome and picked up on Formvar coated 75 mesh grids. 
The sections were stained in uranyl acetate and lead citrate. The stained 
sections were examined in a Philips EM300 electron microscope at 60 KV. 
XI. Statistical Analysis: 

Since the number of mutants observed were limited, the signifi- 
cance of each observed value was expressed with the limits of probability 


of a mutational event corresponding to the 95% probability levels (Stevens, 
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FIG. 1. Gamma-ray survival curves for a wild type strain, pe (Y8743m)a 
and three gamma-ray sensitive mutants, gs-l, gs-2, and gs-4 
of Neurospora crassa. The survival curves represent the 


; ise 
average of three independent experiments. Doserate: 6.7 Krads min 
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FIG. 2. Gamma-ray survival curves for a wild type strain, pe (Y8743m)a 
and three gamma-ray sensitive mutants, gs-3, gs-6 and gs-20 
of Neurosopora crassa. The survival curves represent the 


average of three independent experiments. Doserate: 6.7 Krads mane 
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RESULTS 


Isolation and gamma-ray survival characteristics: 


On the basis of the ability of a conidial cell to form a 
colony after irradiation with a given dose of gamma-rays, six gamma-ray 
sensitive mutants were isolated from the wild type strain, pe (Y8743m)a 
of Neurospora crassa. Ultraviolet-light was used as the mutagen. Gamma- 
ray-survival curves of mutants designated as gs-l, gs-2, gs-4, (Fig.1) 
and gs-3, gs-6, gs-20, (Fig. 2) together with the isogenic parent strain 
pe (Y¥8743m) a (hereafter referred tO as wild type), were obtained. 

The gamma-ray dose response curve of the wild type strain showed 
an inflexion at 26.5 Krads (yielding a survival of 37%). After 26.8 
Krads, increasing dose attained a linear relationship with decreasing 
survival. 

The gamma-ray-survival curves of mutants, gs-l, gs-3 and gs-20 
showed throughout the dose-range used, a steeper slope than the dose re- 
sponse curves of the wild type. No obvious inflexion points, as observed 
in the wild type strain,were obtained from the survival curves of these 
mutants. 

Like the wild type, mutant gs-6 appeared to show a gradual de- 
cline in the slope of its survival curve after a dose of 26.8 Krads. At 
dose levels which yielded in the wild type strain a survival <1l0%, the 
survival curve of mutant gs-6 showed a further decrease in slope thereby 
attaining the slope of the survival curve for the wild type. 

Gamma-ray dose response curves of mutants gs-4 and gs-2 showed 
a slight decline in the slope after the dose of 26.8 Krads and then be- 


came almost parallel to the dose-response curve of mutant gs-l. However, 
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Pole 
an inflexion was observed in the survival curve of mutant gs-4 at the dose 


of 80.4 Krads, decreasing the slope of the curve beyond this point. It 


should be noted that no survival was observed in mutant gs-2 


and gs-4, beyond the dose of 107.2 Krads (which yielded a survival of 
5.7% in the wild type strain). 

A consistent decline in the dose reduction factors from higher 
(37%) to lower (3.7%) survival levels was observed in all the gamma- 


ray sensitive mutants (Table I). 


TABLES E, DRF for gamma sensitivity at three survival levels of gamma- 
sensitive mutants of Neurospora crassa. 


Survival CZ) Gamma-ray sensitive mutants 
eS-1 Boe gs—3 gs-4 gs-6 gs-20 
64) OILS: Omoo 0.65 0.60 Dope 0.85 
10 Os6L 0.46 O61 Mosul 0.41 0.74 
Sail 0.37 0.46 Oe Sui ewe 0.44 0.65 
foe dose for a given survival of a particular mutant 
reduction - 
factor dose for the same survival of the wild type 
(DRF ) 


The above observation was taken to indicate that when compared 
with the wildtype strain, the degree of gamma-ray sensitivity of all the 
six mutants increased with increasing dose of gamma rays. 

Mutant gs-6 showed the lowest DRF values at all the three 
levels of survival, being the most sensitive to gamma-rays followed by 
mutanst gs-2, gs-4, gs-3, gs-l and gs-20 in the order of decreasing 


sensitivity. 
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Plated. Photographs of plates showing the qualitative test for 
gamma-ray sensitivity. Each colony in the plates was grown 
from a drop of conidial suspension (1x10? conidia per ml). 
Plates were incubated at 25°C for three days. 

a) Colonies grown from control (unirradiated) conidial 
suspensions of eight ascospore cultures of a tetrad origin- 
ating from a cross: pe (Y8743m) a x 46-5, al-2, Panaccboys 
igen hc 

b) the colonies of the same tetrad as in sub. a, but grown 
after irradiation of the conidial suspension of individual 
ascospore cultures with gamma-rays (dose: 134 Krads). 

c) Colonies grown from gamma-irradiated (dose: 134 Krads) 
conidial suspensions of strains, 46-5, al-2, al-2, pan-2(B3), 
tryp-2, A; 467, pan-2(B5), ad-1, a; pe(¥8743m) a (colonies 
3,4,5 respectively, upper row); six gamma-ray sensitive " 
mutants, gs-l, gs-2, gs-3, gs-4, gs-6, and gs-20 and 

mutant uvs-3 (colonies 1 and 2 upper row, and 6,7,8,9 and 

10 lower row, respectively). The uv-light and x-ray sensitive 


mutant uvs-3 was used as a reference strain for the gamma-ray 


sensitivity test. 


'! 
i re : ie 
it vr 


ope & it, 
rot 392. 3 Sect 4 


| oe 5 are me 
Sy shane: x 


may sew asteiq: ‘of ni ynolos 


.(im 18q sitbinos “OLxf) aan a 
sevsb eemda sorb te 
istbidoo (bstetberitau) tosainog ren wo? 


— hat393 B to esr? nine dase 


Fr ne) 
nwotg jud ,.5 .dua al es Pe oes omsa sia to estnoloa 4 - 
{subivibat to yoLeea rae fatnbios eit io noliath ‘See Pi: 
-(abaod *eL ‘oe0b) ayer ams dstw deaths ot as ; 
(abeit SL 14806) batetbsitat—smmsg moml mworg eskag. 
.(E8)S=08q ,S-In ,S-la ,¢-d) ~entsti2a to oi ob bi 
asinolos) » (OTB) 99 76 ,i-bs C28) S- nag »SOd Ags | 
" ovidbarroa YS T- amg xe (wot Teqqu Cina 
bas 0% ee boa sOheg Mag sE-ee Soe Teg id v= 
bos @,8,%,0 bone ,wox reqqu $ bas f worn ea aa | 
evizienss yer-x bus sdgki-vu edt .(yleviasegeos va ira ee 


yaT~sameg sft xi oterse dnatalies 5 es beay eaw Exe 


-ta99 2. 


SAO 

The qualitative test for gamma-ray sensitivity of the mutants 
SSialy ea~2, gs-3, gs-4, gs-6 and gs-20 compared with three wild type 
strains, pe (Y8743m)a; 46-5, al-2, pan-2(B3), tryp-2,A and 467 ad-1, 
pan-2(B5),a, is shown in P ate I, After receiving an equivalent dose of 
134 Krads, the mutants showed no or very poor growth whereas the three 
wild type strains grew and produced mycelia. 
TABLE II. Segregation of gamma ray sensitivity (gs) with respect to 


mating type (A/a) and auxotrophic markers; pan-2, tryp-2 
and al-2, in unordered tetrads from various crosses 


Cross Number Tetrad types with respect to gamma-ray sensitivity and 
analyzed mt pan-2 tryp-2 al-2 


PD NPD TT PD NPD TT PD NPD TT PD NPDT 


es SS 


46-5,al-2,pan-2(B3), 
tryp-2,A x gs-l,a 8 2 it 5) hep Oh on8) 


Oo 
i=) 
nn 
i=) 
nh 
Ov 


tryp-2,A x gs-2,a 10 A eee et AR eh Jae Po 


al 2 
tryp-2,4 x gs-3,a 10 ais eee tee) 2 ieee oe Tee eS 


46-5,al-2,pan-2(B3), 
tryp-2,A x gs-4,a 6 2 2 2 ie 1 3 Sie) 3} i 1 4 


46-5,al-2,pan-2(B3), 
tryp-2,A x gs-6,a 8 1 1 6 5 0) 3 5 0 3 ih 1 6 


46-5,al-2, pan-2(B3), 
tryp-2,A 5x gs-6, a 6 1 1 4 i ul 4 0 1 5 1 2 3 


PD = Parental ditype; NPD = Nonparental ditype; TT = Tetra type 
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ile: 


Photographs of plates showing the segregation of gamma-ray 

sensitivity. Each colony in the plates was grown from a 

drop of conidial suspension (1x10? conidia per ml) irradiated 

with gamma-rays (dose: 134 Krads). 

Plates were incubated at 25°C for three days. 

a) Colonies of eight ascospore cultures of a tetrad 
originating from a cross: gs-l,a x 46-5, al-2, 


palle2 (Boye tiyp-2aen. 


b) Colonies of eight ascospore cultures of a tetrad 


ey) 


originating from a cross: gs-2, a x 46-5, al-2, 
man=-2( Bo), stl ypu2, on. 

Colonies of eight ascospore cultures of a tetrad 
originating from a cross: gs-3, a x 46-5, al-2, pan-2 


(B23) .-tryp-2, A. 
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PLatescrlL. Photographs of plates showing the segregation of gamma- 
ray-sensitivity. Each colony in the plates was grown from 

a drop of conidial suspension (1x102 conidia per ml) 

irradiated with gamma-rays (dose: 134 Krads). Plates were 

incubated at 25°C for three days. 

a) Colonies of eight ascospore cultures of a tetrad 
originating from a cross: gs-4, a x 46-5, al-2, 
pana? (hs )ieiayp-2enA. 

b) Colonies of eight ascospore cultures of a tetrad 
originating from a cross: gs-6 a x 46-5, al-2, 
pan-2(B3), tryp-2 A. 

Cc) Colonies of eight ascospore cultures of a tetrad 


originating from a cross: gs-20,a x 46-5, al-2, 


pan-2(B3), tryp-2, A. 
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Genetic analysis: 


To test: for chromosomal inheritance of gamma-ray sensitivity, 
each of the mutants, gs-l, gs-2, gs-3, gs-4 and gs-20, was crossed 
with strain 46-5 al-2, pan-2(B3), tryp-2 A. A 4:4 segregation pattern 
was observed for gamma-ray sensitivity in all the crosses (Plates 2 and 
3), indicating that gamma-ray sensitivity in each of the mutant strain 
was under the control of a single nuclear gene. 

Unordered tetrads were analyzed from each cross and the 
results are presented in Table II. Because of the limited number of asci 
analyzed, it was not possible to draw a firm conclusion regarding the 
linkage relationship of the genes controlling radiation sensitivity in 
any of the mutant strain. However, out of 8 tetrads analyzed, no NPD'S 
(Non Parental Ditypes) were recovered with respect to pan-2 and tryp-2 
markers (both on linkage group VI) in each of the cross, gs-l, a x 46-5 
al-2, pan-2(B3), tryp-2A and gs-6, a x 46-5 al-2, pane2(B5), trypy 2s) 7A. 
Moreover, the ratio of TT (Tetratypes) is less than 2/3 in both cases. 
This type of tetrad distribution might indicate the possibility that genes 
controlling gamma-ray sensitivity in mutant gs-l and gs-6 are located in 
linkage group VI close to the markers pan-2 or tryp-2 (see Esser and 
Kuenen, 1967). 

Similarly,with respect to the marker mating type(A vs.a) no 
NPD'S were encountered in tetrads (10) originating from the cross gs-2 
x 46-5 al-2 pan-2 (B3) tryp-2 A. This apparent lack of NPD'S together 
with a frequency of TT'S <2/3 is indicative for a possible linkage 
relationship between the genegs-2 and the mating type locus A vs. a 


which is on linkage group I. The genes controlling gamma-ray sensitivity 
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PIG. 3. Distribution of nuclei in the conidia of wild type strain, 


pe (Y¥8743m) and six gamma-ray sensitive mutants of 

Neurospora crassa. The distributions are based on counts of 
600-800 conidia. The average number of nuclei per conidium is 
Beh 2045) 228s 2aly ety 2e2e5 2.2 in Wild typewees-L, 28-2, 


gs-3, gs-4, gs-6, and gs-20 respectively. 
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in mutant gs-3, gs-4 and gs-20 appeared to segregate independently from all 
the markers tested as revealed by the tetrad type pattern obtained from 
the crosses involving these mutants. In these crosses male SterLILey “of 
gs-3 segregated from radiation sensitivity. The analysis of tetrad type 
patterns from the cross involving mutant gs-4 did not allow for any 
conclusion concerning the linkage relationship of gene gs-4 which 
controls gamma-ray sensitivity in that strain. 

Attempts to perform complementation tests on the gamma-ray 
sensitive mutants were not successful because of the failure of heterokaryon 
formation between these mutant strains. 

Nuclear numbers: 

To establish the fact that the radiation sensitivity of mutants 
gs-l, gs-2, gs-3, gs-4, gs-6 and gs-20 was not due to a mutation affecting 
the number of nuclei per conidium, samples of conidia from sensitive mutants 
and wild type strain pe(Y8743m)a were stained and the nuclei were counted 
as described in Material and Methods. All gamma-ray sensitive mutants and wild 
type strains showed a comparable distribution of conidia with different number 
of nuclei (Fig. 3). The average number of nuclei per conidium was found to 
be 2.4 in mutants gs-l, gs-2, gs-4 and wild type pe (Y8743m)a, Mutants 
gs-6 and gs-20 possessed 2.2 nuclei/conidium, whereas mutant gs-3 
had 2,7 nuclei/conidium. The low number of nuclei/conidium in gs-6 
and gs-20 may partly be due to the poor staining of nuclei in these strains 


which made it difficult to count the correct number especially in conidia 


with a high number of nuclei. 
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FIG. 4. Growth curves of wild type strain, pe (¥8743m) and gamma- 
ray sensitive mutants, gs-3 and gs-6 of Neurospora crassa. 


The curves are based upon the average of two experiments. 
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Growth Studies in Liquid Medium. 


In growth tests mutant gs-6 showed very slow growth on slants 
of minimal medium as comapred to wild type pe (Y8743m)a. The other 
mutants however exhibited normal growth comparable to wild type except 
mutant gs-3 which was found to be fast growing on minimal medium slants. 
When mutants gs-6, gs-3 and wild type pe (Y8743m)a were grown on minimal 
liquid medium, both mutant gs-6 and gs-3 showed a faster growth rate 
as compared to wild type (Fig.4). These results were interpreted to 
indicate that the slow growth of the mutant gs-6 on minimal solid 
medium was not due to any inherent nutritional requirement. 
uv-Survival Characteristics: 

The uv-dose-response curves of mutants gs-l, gs-2 and gs-4 
are shown in Figure 11 and those of mutants gs-3, gs-6 and gs-20 are 
presented in Figure 10. For comparison the survival curve of the 
isogenic parent strain pe (8743m)a is included in both the graphs. 

Although the survival curves after uv-irradiation of all the 
mutant and the wild type strains were indistinguishable over most of the 
dose range tested, the dose response curves of wild type, gs-l, gs-3 
and gs-6 showed characteristic shoulders at higher survival levels 
(>80% survival of wild type). For mutant gs-1l the low dose shoulder is 
extended over a longer dose range when compared with wild type. The 
survival curve of mutant gs-4 appeared to have lost the shoulder 
characteristics at low uv-doses. Mutant gs-6 exhibited at higher dose 
levels (>1356 ergs mm ) increased uv-sensitivity when compared with 


the wild type strain (DRF = 0.73 at 2% survival level). 
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Survival of conidia of wild type strain, pe (Y8743m) after 
uv-irradiation (dose rate: 11.3 ergs mm-2 sec~l) and post 
uv-irradiation treatments for PR(photoreactivation), 
LHR(liquid holding recovery) and DPR(delayed photoreactivation). 


The curves are based upon the average of three experiments. 
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Post-irradiation Treatments: 


Since mutant gs-6 was found to be sensitive to uv-irradiation 
as compared to its progenitor pe (8743m)a, attempts were made to further 
characterize this mutant by studying the effects of various treatments 
on the survival after uv-irradiation. 

Photoreactivation: 

Exposure of wild type conidia to visible light for 30 minutes 
immediately after uv-irradiation gave rise to a significant increase in 
the survival (Fig. 5). The dose reduction factor amounted to 0.57 at the 
37% survival level. The effect of photoreactivation was found to be more 
pronounced at lower survival levels. No photoreactivating effect was 
observed after holding the conidia in liquid for 6 hours. 

The survival of conidia of mutant gs-6 was greatly increased 
after photoreactivation,with a dose reduction factor (0.54) close to the 
value obtained for wild type at the 37% survival level (Fig. 6). No 
photoreactivating effect was observed in this mutant at the dose of 
678 ergs mm-2 yielding a survival of about 70%. When the photoreactivation 
was delayed for 6 hours as in wild type, the response was lost at higher 
dose levels (>1356 ergs mm-2). However, unlike in wild type,at a dose 
yielding 74% survival, delayed photoreactivation increased the survival 
in mutant gs-6. 

Liquid Holding: 
By holding conidia of the wild type strain in distilled water 
in the dark for 6 hours after uv-irradiation a slight but consistent 
loss of viability was observable when compared with the control (survival 


after immediate plating) as shown in Fig. 5. The effect of liquid holding 
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Survival of conidia of gamma-ray sensitive mutant, gs-6 

of Neurospora crassa after uv-irradiation (dose rate: 

11.3 ergs mm-1 sec-l) and post uv-irradiation treatments for 
PR(photoreactivation), LHR(liquid holding recovery) and 
DPR(delayed photoreactivation). The curves are based upon 


the average of three experiments. 
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is more conspicuous at lower survival levels (<20%) than at higher levels 
of survival. The dose reduction factor for liquid holding effect 
amounted to 0.88 at 5% survival. 

Like wild type conidia, conidia of the mutant gs-6 showed a 
consistent decrease in survival upon holding in distilled water for six 
hours, the effect being more obvious at lower than at higher survival 
levels (Fig.6). However, at higher survival levels (>50%) the change 
in survival due to liquidholding appeared to be indistinguishable from 
the survival obtained after immediate plating. The dose reduction 
factor for liquid holding in mutant gs-6 was 0.90 at 5% survival and 
consequently similar to that of the wild type strain. Comparing the 
conidial survival of mutant gs-6, after liquid holding treatment with 
that of wild type, it appears that the effect of liquid holding is 
more severe in decreasing the viability in the former than in the latter, 
particularly at higher dose levels (2034 ergs mm~2 — 3390 ergs mm-2, 

Kice Oo andebic.. 6), 
Effect of Caffeine Treatment: 

To investigate whether the treatment of caffeine has an in- 
fluence on the repair systems operating in the irradiated Neurospora 
conidia of the wild type strain and of mutant gs-6, conidia were held in 
distilled water containing caffeine (0.25%) for 6 hours, after which 
they were plated (for liquid holding recovery) or exposed to photo- 
reactivating light for 30 minutes (for delayed photoreactivation). 

The survival curves for conidia of the wild type strain and of mutant gs-6 
after liquid holding treatment and delayed photoreactivation in the 


presence of caffeine are presented in Fig. 7 and Fig. 8 respectively. 
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BiGa 2s Survival of conidia of wild type strain, pe (¥8743m) of 
Neurospora crassa after uv-irradiation (dose rate: 11.3 ergs 
mm-2 sec!) and post uv-irradiation treatments of LHR(liquid 
holding recovery), DPR(delayed photoreactivation) in caffeine- 
water solution (0.25%). The curves are based upon the average 


of three experiments. 
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Survival of conidia of the gamma-ray sensitive mutant, gs-6 

of Neurospora crassa after uv-irradiation (dose rate: 11.3 
ergs mm-2 sec-l) and post uv-irradiation treatments of 
LHR(liquid holding recovery) and DPR(delayed photoreactivation) 
in caffeine-water solution (0.25%). The curves are based 


upon the average of three experiments. 
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Comparison of survival curves in Pigs, 3, 7 and) Figs. 6, 8 
showed that caffeine was ineffective in altering the mode of response in 
both, wild type and mutant gs-6 after the treatment of liquid-holding 
and delayed photreactivation. However, at the dose of 3390 ergs mm 2 
(i.e maximum dose used) the presence of caffeine in the suspension 
appeared to slightly elevate the survival levels of the wild type strain. 
No such effect was noticed for conidia of mutant gs-6 treated in a 
similar manner. The presence of caffeine in the suspending medium 


(distilled water) did not affect the survival of unirradiated conidia of 


both, the wild type strain and of mutant gs-6. The percent survival 


of wild type conidia after holding in distilled water for 6 hours 


at 25°C was 64.4 + 4.0 and after holding in the solution of caffeine 
(0.25%) for the same period of time was the same and amounted to 
62.0+ 2.0% (average of three experiments). The corresponding percent 
survivals of conidia of the mutant gs-6 after holding for 6 hours in 
absence or presence of caffeine in the medium were found to be 64.0+ 
4.0 and 62.0+ 3.0 respectively. However no visible colonies were observed 
when conidia of the wild type strain and of the mutant gs-6 were plated 
on the surface of solidified sorbose minimal medium containing 0.25% 
caffeine. It appears therefore, that caffeine inhibits the growth of 
conidia when present in the plating medium. Conidia treated with caffeine 
prior to plating on to solidified medium, are not affected. 
Effect of Caffeine Treatment on a Caffeine Resistant Strain: 

Mutant caf-rI was isolated from caffeine resistant mutant 
colonies induced in strain gs-20. This mutant is characterized by normal 
growth when cultured on agar solidified medium containing 0.25% caffeine. 


The mutant caf-rI was crossed with wild type strain pe (Y8743m)A and a 
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FIG. 9. Survival of conidia of caffeine resistant mutant, caf-rI of 
Neurospora crassa after uv-irradiation (dose rate: 11.3 ergs 
/um-2/sec71) when plated on medium containing 0.25% caffeine 
(broken line) and on medium without caffeine (solid line). 


The curves are based upon the average of two experiments. 
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Plate IV. 
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Electron micrographs of mycelium of Neurospora crasa 

grown from unirradiated and irradiated (with gamma-rays) 

conidia of mutant gs-3. 

1. Section of mycelium grown form unirradiated conidia 

2. Section of mycelium grown from irradiated conidia, 
dose: 31 Krads. 

3. Section of mycelium grown from irradiated conidia, 
dose: 93 Krads. 

4, Section of mycelium grown from irradiated conidia, 
dose: 186 Krads. 
Magnification: 68000 X 

Abbrevations 

W = cell wall 

pm = plasma membrane 

M = mitochondrium 

ms = mesosome 

V = vacuole 

nu = nucleolus 


N * nucleus 
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Plate” V< Electron micrographs of mycelium of Neurospora crassa grown 
from unirradiated and irradiated (with gamma-rays) conidia 
of wild type strain, pe (Y8743m). 

1. Section of mycelium grown from unirradiated conidia. 

2. Section of mycelium grown from irradiated conidia 
dose: 31 Krads. 

3. Section of mycelium grown from irradiated conidia, 
dose: 93 Krads. 

4. Section of mycelium grown from irradiated conidia, 
dose: 186 Krads. 
Magnification: 68000 X 

Abbrevations: 

W = cell wall 

pm = plasma membrane 

M = mitochondrium 

ms = mesosome 

V = vacuole 

nu = nucleolus 


N = nucleus 
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single ascospore culture resistant to caffeine and sensitive to gamma rays was 
isolated for further study. The use of this caffeine resistant mutant facilitate 
the study of the effect of caffeine present in the post-irradiation planting 
medium on conidial survival. Conidia of mutant caf-rI were irradiated with 
various doses of uv-light and subsequently,irradiated and control samples 
were plated on to two different media: one containing caffeine and the 
other without caffeine. The dose response curves of the mutant in the 
presence or the absence of caffeine are shown in Fig. 9. At survival 
levels in excess of 80% little difference in the survival was observed, 
whether conidia were plated onto medium containing caffeine or without 
caffeine. However at survival levels below 80%, the conidial survival 
decreased with increasing uv-dose. Regardless of the presence or absence 
of caffeine in the plating medium, the survival of unirradiated conidia 
amounted to 67.0 + 9.02. 
Electron Microscopy: 

The electron micrographs of mycelia grown from unirradiated 
and irradiated conidia of mutant gs-3 and wild type strain pe (Y8743m)a 
are shown in plate IV and plate V respectively. Examination of the 
electron micrographs revealed a characteristic effect of gamma-radiation 
on cell wall, mitochondria and vacuoles of both strains. The cell wall 
of mycelium of mutant gs-3 (plate IV, Fig. 1) shows three distinct layers, 
the outer-most consists of electron dense granules, the middle layer 
is distinguished by thinly distributed fibres in an electron transparent 
matrix and the innermost layer is densely packed with fibrils. The 
presence of fibrils and some electron dense granules embedded in the 
electron transparent matrix has also been observed in the cell wall of 


the wild type strain (plate V, Fig. 1). However, unlike mutant gs-3 
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the wild type strain does not exhibit distinct layers in the cell wall. 


No visible structural changes have been observed in the cell wall of 


mycelia grown from irradiated samples of conidia of both strains, mutant 


gs-3 and wild type strain (Plates IV acd V; Figs. 2,3 and 4). 
A conspicuous effect of gamma radiation consisted of 
swelling of the cell wall. This effect has been expressed as the 


thickness (in & ) of the cell wall. The results are presented in 


Table III. The mean values shown in this table represents the average 


of wall thickness measurements of 4-6 different cells ( 4-6 determinations 


per cell). For the measurement of wall thickness only common but ultra- 


structurally different whwn compared with wild type, were chosen 


TABLE III. Cell wall thickness of unirradiated and irradiated conidia 
and mycelia produced from them in wild type (gst) and gamma 


sensitive mutant, (gs-3) of Neurospora crassa. 


Radiation-—- Cell wall thickness in (2) 
Dose (Krads)”  } } — 
Wild Type (gst) Mutant gs-3 
Conidia Mycelia conidia Mycelia 

control 345.0 + 42.3 62370 nt ee 499.0 + 31.5 605.0 +°81.2 

31 362.6 + 57.0 391.7 + 49.3 575.6 + 84.5 1402.7 + 221.1 

93 A STS E6266 404.1 + 53.0 629 S28 V7.6 958). BESO 26 

186 418.0 + 46.0 358.1 + 10.2 640.0 + 45.5 675.4 + 94.0 
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The cell wall of mycelia of mutant gs-3 is thicker (6058) 


fe) 
than the mycelial cell wall of the wild type (323A) control 


(unirradiated) samples. This difference in wall thickness of both strains 
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is aggrevated in conidia treated with gamma-rays. An increase in the 
thickness to 1402 mn of the mycelial cell wall of gs-3, was observed 

when conidia producing the corresponding mycelia were irradiated with 

a dose of 31 Krads. Swelling of the mycelial cell wall of mutant gs-3 
was also noticed when conidia were irradiated with higher doses of 
radiation e.g., 93 and 186 Krads. However, the swelling effect at 

these dose levels was less than the effect resulting from 30 Krads. 

The cell wall thickness of wild type mycelia after irradiation of 
conidia with equivalent doses of gamma rays did not substantially change 
and reached a maximum of 404 & at 93 Krads. 

Swelling of mitochondria due to irradiation manifested itself 
in larger intracristal spaces and was observed in both, mutant gs-3 
and wild type strain. The effect was found to be more pronounced in 
mutant gs-3 when compared to wild type strain. 

Many large and small vacuoles were observed in the sections 
of mycelia grown from conidia irradiated with various doses of gamma-rays. 
Some sections showed only a very limited amount of cytoplasm with an 
abundance of vacuoles in the remaining intracellular space. In the 
control (unirradiated) samples no or a very few vacuoles were observed 
in both strains (wild type and gs-3). 

Electron micrographs of control and irradiated conidia of 
wild type and mutant gs-3 revealed essentially similar ultrastructure 
patterns as observed in the mycelia grown from them. The measurements 
of conidial cell wall thickness obtained from control and irradiated 
samples of both strains are recorded in Table III Swelling of the 


conidial cell wall appears to be more pronounced in mutant gs-3 when 
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Forward mutation rate (ascending curves) to caffeine resistance 
and percent survival (descending curves) of wild type strain, 
pe (Y¥8743m) and gamma-ray sensitive mutants, gs-3, gs-6 and 


gs-20 of Neurospora crassa as a function of uv-dose (dose 


rate: 11.3 ergs mm72 gec7l), 
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Forward mutation rate (ascending curves) to caffeine 
resistance and percent survival (descending curves) of wild 
type strain, pe (Y8743m) and gamma-ray sensitive mutants, 
gs-l, gs-2, gs-4 of Neurospora crassa as a function of 


uv-dose (dose rate: 11.3 ergs mm 2 secl). 
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compared to wild type. 

Swelling effects on the cell wall due to gamma-irradiation 
treatment was found to be pronounced in mutant gs-3 after germination 
of the irradiated conidia. The wild type strain, on the other hand, 
reacted differently. Comparing the cell wall thickness of irradiated 
conidia with that of the mycelia grown from these conidia, no significant 
difference could be observed. These results suggest that the metabolic 
responses to gamma-irradiation are different in the two strains, geo 
and the wild type. 
uv-induced Mutability: 

To study the effect of mutations causing gamma-ray-sensitivity 
on uv-induced mutability, forward mutations for caffeine or acriflavine 
resistance and back mutations for adenine prototrophy (ad*) were induced 
with uv-light in appropriate gamma-ray-resistant (wild type) and gamma- 
ray-sensitive strains. 

(i) Caffeine resistant mutants: 

Mutations causing caffeine resistance were induced in all the 
six gamma-ray-sensitive mutants, gs-l, gs-2, gs-3, gs-4, gs-6, gs-20 
and wild type strain pe (Y8743m)a. These data have been recorded in 
Table IV. Dose response curves of strains, gs-3, gs-6 gs-20 for 
uv-induced forward mutations to caffeine resistance are shown in Fig. 10 
and those of strains gs-l, gs-2, and gs-4 are presented in Fig. ll. 

The uv-induced mutations for caffeine resistance accumulated 
exponentially and reached a plateau at a dose yielding approximately 
13% survival in wild type pe (Y¥8743m)a. The uv-induced caffeine resistant 


mutation curve for gs-3 closely followed the curve for the wild type 
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strain. However, on comparison with the wild type strain, a consistent 
reduction in the number of forward mutations induced by each uv—dose 
employed was observed in this mutant strain £S-jaglhe reduction in 

the number of caffeine resistant mutants in gs-3 is significant at the 
5% probability level at lower uv-dose range (<2034 ergs mm-2). 

In mutant gs-6, the incidence of caffeine resistant mutations 
increased steadily until the point at which the wild type strain reached 
a plateau. After this point the mutation curve of gs-6 appeared to 
exhibit a sharp decline as no foward mutation was recovered in this 
stain at a uv-dose of 4060 ergs mm, 

In mutant gs-20, caffeine resistant mutations accumulated 
exponentially at approximately the same rate as in the irradiated wild 
type strain up to a dose of 2034 ergs mm-2, After this point a plateau 
was established in gs-20(i.e., well before the wild type strain reached 
its plateau). Unlike that of the wild type strein,the plateau for 
mutant gs-20 was immediately followed by an exponential increase in 
mutation yield at a dose of 2712 ergs mm~2 which yielded a survival of 
about 10%. 

As compared to the wild type strain, a significant reduction 
in the yield of caffeine resistant mutations was observed in both 
mutant strains, gs-6 and gs-20, over the entire uv—dose used (at the 
5% level of significance). 

Qualitatively, a similar response was displayed by mutant 
gs-1, gs-2, and gs-4, for uv-induced mutations to caffeine resistance. 
Mutation yield increased exponentially in the three mutant strains up 


to a dose of 2034 ergs mn-2, This initial increase, after reaching a 
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FIG. 12. uv-induced forward mutation rate to caffeine resistance 
of wild type strain, pe (Y8743m) and of gamma-ray sensitive 


mutants, gs-3, gs-6 and gs-20 of Neurospora crassa as a 


function of percent survival. 
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FIG. 13. uv-induced forward mutation rate to caffeine resistance 


of a wild type strain, pe (Y8743m) and of three gamma-ray 


sensitive mutants, gs-l, gs-2, and gs-4 of Neurospora crassa 


as a function of percent survival. 
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Frequency of spontaneous and uv-induced mutations for caffeine or acriflavine resistance 


TABLE IV 
in the wild type and gamma-ray-sensitive mutants of N. crassa 
ke : : : *acrifla- 
eeraii Pio survival PESduen cy. of caffeine resistant mutations Wine ress 
minutes (Z) per 10’ survivors. istant mutants/ 
107 survivors 
Observed Expected with 95% probability 
Wild type 
pe (Y8743m)a 0 FOO 0 tie n.0 We) 14 - 25 0.42 
L 86.4 + 4.3 She) 32 - 48 Overs: 
135 Ge cadre 60 51 - 70 0 
3 Zl eel), 316 269 - 371 0 
4 1. oon O04 366 293 = 452 0 
6 Seo Ae 407 286 - 561 0 
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gs-2 pea 0 100.0 + 5.0 i 1 - 3 
1 66.2 + 9.6 8 6 - 12 
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4 d2 e380 e0s7 47 36 - 59 
6 1.8 + 0.3 252 189 - 329 
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TABLE IV Cont'd 
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i fee) ot 2930 10 (sole 0.31 
iS 52.6 14.58 39 30 - 50 1.93 
3 Pie 2el 3 157 128 - 189 4.70 
4 ibdheslod teak 294 238 - 359 0 
6 2.1 + 0.4 330 223 - 473 0 
s-4 pea 0 100.0 + 6.3 2 le 4 
i Se ee 9 6 - 13 
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TABLIW LV. Conte d 


0 100.0 + 2.0 0 0-5 
1 80.7 + 10.6 3 1 - 6 
es 56.7 + 2.3 6 Sete 
3 14.6 433.3 1) 6 - 22 
4 1.8+0.1 24 135= 41 
6 0.0 + 0.0 0 0-0 


0 100.0 + 6.9 i 0.3- 3 
1 65.8 + 11.5 2 i 5 
5 62.8 + 6.1 4 2-7 
3 29.1 + 3.6 12 7 Sl 
4 10.0 + 1.4 11 3 - 25 
6 0.6 + 0.1 47 oie 85 


*The number of mutants produced at each dose represents the total number of induced spontaneous 
mutations for caffeine or for acriflavine resistance. 
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plateau was followed (at a dose of 2712 ergs mm 2) by a further 
exponential increase in mutation rate. The mutation curves of these 
three mutants gs-l, gs-2 and gs-4 were found to be qualitatively 
similar to the mutation curve of gs-20. Mutants gs-l, gs-2 and gs-4 
produced caffeine resistant mutants at a significantly reduced rate 
when compared to the wild type strain (at 5% level of significance). 
However for mutants gs-l and gs-2 the reduction in mutation yield was 
not statistically significant at an uv-dose of 4060 ergs mm-2. 

When the frequencies for uv-induced caffeine resistance 
mutations of all the six gamma sensitive mutants are compared, the 
following order of decreasing mutational response can be established: 
gs-3>gs-l>gs-2, gs-4>gs-20>gs-6 (Table V). 

Furthermore, all the six gamma-ray sensitive mutants showed 
a significant reduction in the frequency of spontaneous caffeine 
resistant mutation when compared with the wild type (Table IV) spont- 
aneous mutation frequency for caffeine resistance. It is to be pointed 
out that when the frequency of spontaneous caffeine resistant mutations 
is substracted from the total yield of mutations obtained at each uv-dose 
level, the relative response of wild type and six gamma-ray sensitive 
mutants remain almost unchanged. 

In Fie. 12 and Fig. 13 the yields of caffeine fesistant 
mutants is plotted as a function of survival. It is evident that the 
wild type strain yielded more caffeine resistant mutants at all levels 
of survival when compared to the gamma-ray sensitive strains. 

The wild type strain showed a steady increase in mutation 


yield at higher survival levels followed by a sharp increase at 
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TABLE V. Total frequency of spontaneous and uv-dnduced caffeine resistant mutants in the wild type 
and gamma-ray-sensitive mutants of Neurospora crassa. 


ee ee a SF SS ee 


* 
Frequency of caffeine resistant 
mutants per 107 survivors. 
Strain Total “4 
number of Total number of Observed Expected with 95% 
Survivors mutant colonies Probability 
x106 
gs ,pe(¥8743m) 171.4 991 58 54 - 62 
gs-l 234.3 514 22 20 - 24 
gs-2 167.8 320 19 tae 21 
gs-3 126.4 330 26 235-829 
gs-4 50 335 19 ite 18 
gs-6 16939 45 3 2-4 
gs-20 i213 54 4 3 - 6 
** o5'-pe(¥8743m) 66.9 64 10 [eerie 


*The number of mutants represents the total number of induced and spontaneous mutations for caffeine 
resistance. 


**Frequency of spontaneous mutants in the wild type strain. 


=e 
the 65% survival level and a levelling off at the 20% survival. At 
survival levels greater than 13% the uv-induced mutations appeared to 
accumulate at a faster rate in gs-3 when compared to wild type (Fig. 12). 
Both, mutant gs-3 and wild type reached a plateau for mutation yield at 
comparable survival levels (16-20%). Fewer mutations were produced in 
gs-20 when compared to gs-5 over the survival range of 50-5%. However, the 
actual difference proved not to be statistically significant (Table IV). 
At a survival rate of 2%, mutant gs-20 continued to accumulate caffeine 
resistant mutations whereas at the same level of survival gs-6 produced 
no mutation, At higher survival levels(greater than 40%) mutant gs-1 accu- 
mulated caffeine resistant mutations at a faster rate than that of the wild 
type strain (Fig. 13). Followed by a short plateau a further increase in 
yield was observed for gs-1 at lower survival levels ( below 9%). 

The mutation curve of strain gs-2 approximately paralleled that 
of mutant gs-1 at survival levels below 20%. Unlike the response of strain 
gs-1, the mutation yield in gs-2 was found to be lower, At a survival rate 
of 12% the reduction in mutation yield of gs-2 was found not to be statisti- 
cally significant at the 5% significance level (Table IV) as compared to the 
mutation yield obtained at the 22% survival rate, At lower survival rates 
(below 10%) the mutation curve of gs-2 regained the slope of the mutation 
curve of mutant gs-1. At all survival levels mutant gs-2 produced fewer 
caffeine resistant mutations than gs-l., Like wild type,mutant gs-4 
(Fig. 13) showed a steady increase in the yield of caffeine resistant 
mutation at higher survival level (above 50 %) followed by a sharp 
increase in the yield until 20% survival was reached, At 20% survival 


a short plateau in mutation yield was established. This plateau was 
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followed by a further increase in the =tensingatinys frequency causing the 
mutation curve of gs-4 to parallel the mutation curves of gs-1 and gs-2. 
Hence, whether the comparison between uv-mutability of the 
wild type strain pe (Y8743m)a amd gamma-ray-sensitive mutants is made 
on the basis of uv-dose (Figs. 10 and 11) or on the incidence of 
survival (Figs. 12 and 13), it is evident that more mutations to caffeine 
resistance were induced by uv-light in the wild type strain than in the 
gamma-ray-sensitive mutants, gs-l, gs-2, gs-3, gs-4, gs-6 and gs-20. 
The effect of photoreactivation on the yield of uv-induced 
mutations for caffeine resistmce was studied in the wild type strain 
pe (Y¥8743m)a. A significant reduction in the frequency of forward 
mutations for caffeine resistance was observed as a result of photo- 
reactivation following uv-treatment especially at survival levels 


greater than 20% (Fig. 11, Table VI). 


TABLE VI. Frequency of spontaneous and uv-induced caffeine resistant 


mutants in the wild type strain pe (Y8743m)a of N. crassa 
in the dark and after visible light treatment (photoreactiv-—- 


ation)’. . 
uv-dose in Survival Caffeine resistant mutants per 10/7 
minutes (2) survivors 
——— Observed Expected with 95% probability 
Dark Light Dark Light Dark Light 
) 100 + 5.6 100 + 4.8 19 9 14-25 2-27 
if B6c4et 4.3 95.0 ere). 2 39 9 32-4 3-21 
3 Zier ules) Pee Oet Da BG 141 269-371 77-237 
6 WG ioe ake al 4.4 + 0.2 407 303 286-561 157-529 
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Back mutation rate (ascending curves) to adenine independence 
and per cent survival (descending curves) of wild type strain, 
(W.T.) strain, gst pan-2 (B5), ad-l, A and gamma-ray 
sensitive mutants, gs-4, pan-2 (B5), ad-l, A and gs-6, 
pan-2(B5), ad-1, A plotted as a function of uv-dose (dose 


rate: 11.3 ergs mm-2 sec7l). 
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TABLE VIL. Frequency of spontaneous and uv-induced ad’ revertants in wild type and gamma-ray sensitive 
mutants of N. crassa. 


ee ee ee ee eS ee ea 


Frequency of adt- revertants per 106 survivor 


Strain uv—-dose Survival : 
ttn.) (%) Obeerved Expected with 95% probability. 
Wild type gst 0 10-0 +4,.9.7 0 O-4 
pan-2 (B-5) i P20" Peg 39 299 
ad-1A 2 5020 a Sy 105 85 7 129 
4 PS 0.0 284 225= 353 
6 Oo 7 se OE 425 oe 8992 
eS-4, Ppanac(B=5) | 0 100.0 + 7.4 3) ie) 7 
ad-1 1 ou. / & 3.7 16 ll = 24 
2 63.4 # 3.2 ee) 43 - 70 
4 LO.0 fie 7 164 106 - 242 
6 0.6 £O0.1 128 3% 683 


100.0 + 12.0 0 0-3 
67.4 + 0.6 25 es 26 


gs-6,pan-2 (B5) 0 
i 
2 509 153 62 47 - 81 
4 
6 


ad-1 


9.2 + 0.5 151 96 - 227 
0.2 + 0.02 347 8 - 1934 


2ora Fa | p — 
art oe - =. | T\* 3@ 0 7 
7000 + T5"0 ? 0 c a peeog . 


= a . >»: e oe + OTT 3 3 = 683 a 
| th Ph To*o.+ 7. oid toe = 305 , 
i. e279 #375 22 | 2s "s0 . 2 
ei"a + Ors Te 1T.* Ss : 
aoc | =3 3 
e os torr | a 
z T2"2 F oe see $82 - 333 
5 20°0 F 374 TO? | a? > Te a 
T y5°G + 2°2 3 sa- 29 _ 
0 fou'o F ark 9 O-¥ a 


wateupe ot y° Cisaee | = 
~ -§iedmeuck og abort sveose svg. na-Toqnceq 97, ceaserauce 70 agyg cAbe seq Semme-neh eemeecqae 9006” 


-92. 


(ii) Acriflavine Resistant Mutations: 

Forward mutations for acriflavine resistance were induced by 
uv-light in wild type strain pe (Y8743m)a and three gamma-ray sensitive 
mutants, gs-3, gs-6 and gs-20 (Table IV). It is apparent from the results 
that the yield of mutations to acriflavine resistance remained extremely 
low in all the strains tested. No acriflavine resistant mutant was re- 
covered in strain gs-20 whereas the incidence of mutations in wild type gs-3 
and gs-6 was extremely low. Due to this low incidence of uv-induced for- 
ward mutations for acriflavine resistance together with the high degree of 
inconsistency in the results, no attempt was made to induce mutations for 
acriflavine resistance in other gamma-ray sensitive mutants. 

(iii) adt Revertants: 

Two of the gamma-sensitive mutants, gs-4 and gs-6 which showed 
increased sensitivity to gamma-rays and produced fewer uv-indiced mutations 
for caffeine resistance, were further used for the studies of uv-induced 
mutability for ad+ revertants. The ad-l marker was introduced in the mut- 
ants, gs-4, gs-6 and wild type strains as described before. The resulting 
strains were: gst, pan-2(B5), ad-l A; gs-4 pan-2(B5), ad-1 A and gs-6 
pan-2(B5) ad--1 A. 

The frequency of uv-induced adenine revertants was lower in 
mutants gs-4, pan-2 (B5), ad-lA and gs-6, pan-2 (B5) ad-1 A when compared 
to wild type gst pan-2 (B5) ad-l A over the entire uv-dose used 
(Fig. 14, Table VII). 

No spontaneous revertants were recovered in the wild type (gst) 


and mutant gs-6 in these experiments. The mutation curve of the wild 


type strain (gst) showed a steady increase in the yield of adt revertants 
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uv-induced back mutation rate to adenine independence of 
a wild type (W.T.) strain, gst, pan-2 (B5), ad-l, A 


and of gamma-ray sensitive strains, gs-4, pan-2 (B5), 


ad-1, A and gs-6 , pan-2 (B5), ad-l, A as a function of 


percent survival. 
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with increasing uv-dose. At uv-dose levels <2712 ergs mm-2 the mutation 
curves of gs-4 and gs-6 paralleled approximately the mutation curve of 
wild type control, indicating a similar rate of prototroph production in 
the three strains. At higher uv-dose levels (>2712 ergs mm-2) however, 
mutant gs-6 continued to accumulate uv—induced adt revertants, whereas 
mutant gs-4 appeared to show a slight decline in the mutation frequency 
at the same dose levels. At the dose range lower than 2712 ergs mm-2 

the frequency of uv-induced adt revertants was significantly reduced in 
both the gamma-sensitive mutants as compared to wild type (at 5% level of 
significance). 

When the frequency of uv-induced adt revertants was plotted as 
the function of survival (Fig. 15), it became evident that fewer 
mutations per survivor were induced in gamma sensitive mutants, gs-4 
and gs-6 than in the wild type strain (gst). It should be pointed out 
that the shape of the mutation curves of the wild type (gst) strain for 
uv-induced adt revertants and for caffeine resistant mutations are quite 
similar (Figs.12, 13,15). However mutants gs-4 and gs-6 exhibit different 
responses for the uv-induction of adt revertants and forward mutations 
for caffeine resistance especially at lower survival levels. At the 
survival rates lower than 10% mutant gs-4 continued to accumulate 
caffeine resistant mutations whereas the frequency of adt revertants 
showed a gradual decline at these survival levels. Mutant gs-6 on the 
other hand, showed no mutation for caffeine resistance at lower survival 
levels (<20%), whereas there was a continuous increase in the yield of 


ad+ revertants at these survival rates, 
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It is obvious that the shapes of the uv-induced mutation curves 
in all the strains described above are complex, which probably reflects 
the complexity of the process of uv-mutagenesis itself and also the nature 
of the block in the DNA repair pathways caused by a specific mutation 
carried by an individual gamma-sensitive strain. The possibility that 
several other factors are involved in affecting the shape of uv-—dose 
effect curves for mutations, cannot be ruled out (Auerbach and Kilbey, 
TIN) 

Despite the complex ultraviolet dose-effect curves for mutations, 
it is evident that fewer uv-induced mutations are produced per survivor in 
all gamma~sensitive strains when compared to their wild type progenitor. 
Assuming that an equal number of premutational uv-lesions are produced 
in wild type and gamma-ray-sensitive mutants, it appears that most of 
such lesions failed to produce detectable mutations in gamma-sensitive 
mutants. 

Interallelic Recombination: 

To investigate the effect of increased sensitivity to gamma- 
rays on genetic recombination , inter-allelic recombination between 
two pan-2 alleles, (pan-2 (B3) and pan-2 (B5) was studied in crosses 
homozygous for the mutants, gs-2, gs-4, gs-6 and gs-20 and compared 
with the prototroph frequency between the same pan-2 alleles but in 
crosses homozygous for the wild type allele gst for gamma-ray resistance. 
All crosses were fully fertile, i.e., produced normal perithecia and 
shed spores in abundance except the cross involving mutant gs-6 in 
homozygous condition, which produced approximately 60% immature brown 
perithecia without bearing any spores; however, the remaining normal 
perithecia from this cross produced abundant spores. Viability of ascos- 


pores ranged from 50 - 80% in all the crosses. 
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Frequencies of pan™ prototrophs (per 10° viable ascospores) 
from crosses homozygous for wild type (gst), gs-2, gs-4, 
gs-6, and gs-20. Each dot represents the frequency of pant 
prototrophs colonies from one crossing plate. The open 


circles represents the average prototroph frequency from each 


cross. 
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TABLE VIII. Effect of gamma-ray sensitive mutants, gs-2, gs-4, gs-6 and gs-20 on recombination 
between alleles, pan-2(B5) and pan-2-(B3) in Neurospora crassa. 


Cross No. of pant/ No. of pant/10® viable spores 
No. of viable 
spores Observed Expected with 


95% probability 


Controls, (gst) 

B6-5 al =2, pan—2(B3), Tryps2,A 178/309 ,652 574 494 - 666 
x 467 pan-2(B5), ad-la 

l-2,)pan-2( 83), cryp—2a 406/903 ,387 449 407 - 496 
me pan—2(b5)5gad—FA 


Homozygous (gs) 

gs-2,pan-2(B3)tryp-2a 88) 72,000 480 583" = 596 
Re Sel.e palo Bo), ad—-1A 

gs-4, pan-2(B3), tryp-2a 802 /574o20 528 470 - 592 
x gs-4,pan-2(B5), ad-lA 

gs-6, pan-2(B3) al-2,tryp-2A 505/676, 267 747 680 - 815 
25.0, pan-c( Boy, ad-1A 

1039 


gs-20, pan-2(B3), tryp-2A 441/465,993 882 860 
a @s-20,pan-2b5,q@ad—la 
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The frequency of pan-2 prototrophs in all the crosses studied 
showed a large degree of variation (Fig. 16). The average prototroph 
(pant) frequency and frequency expected with 95% probability were cal- 
culated for each cross (Table VIII). 

These results show that the frequency of pant recombinants 
in the crosses homozygous for gs-2 and gs-4 is not significantly dif- 
ferent from the one obtained from the control crosses. However, 
crosses homozygous for gs-6 or gs-20 produced significantly higher 
frequencies of pant prototrophs when compared with the control crosses. 
The control crosses differed in the frequency of pant recombinants, but 


this difference was not found to be statistically significant. 
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DISCUSSION 


Genetics, isolation and characterization of gamma-ray sensitive 


0 


mutants, 

Six gamma-ray sensitive mutants: gs-l, gs-2, gs-3, gs-4, gs-6 
and gs-20, were isolated in Neurospora crassa (Plate I). Genetic tests 
indicated that the radiation sensitivity of each of these mutants 
is under the control of a single nuclear gene (Plate II and III; 

Table II). Since in general, an increase in the number of nuclei per 

cell sometimes enhances the resistance of the cell to radiation treatment 
(Clark, 1968), radiosensitivity might be caused by a decrease of the 
nuclear content of a multinucleate cell. However,all the mutants 

when compared to wild type, showed a quantitatively similar distribution 
of nuclear numbers per conidium and hence it is evident that the 
gamma-ray sensitivity of these strains is not due to a mutation which 
gives rise to a decrease in the average number of resident nuclei 

in the conidium, 

From the comparison of dose response curves (Figs. 1 and 2) 
and dose modifying factors (Table I) it is clear that the six gamma-ray 
sensitive mutants differ in their sensitivity to gamma radiation. 

Both, genetical as well as biochemical studies (Strauss, 1968; Howard- 
Flanders, 1968) have established the fact that sensitivity to radiation 
(uv and ionizing radiation) and/or chemical mutagens is usually caused 
by the impairment of enzyme mediated DNA repair processes of the cell. 
Thus, it is reasonable to assume that the enhanced gamma-ray sensitivity 
of the six mutants reported on here, is due to the mutation of genes 
controlling dark repair processes in Neurospora crassa. However, 


manifestation of changes at the ultrastructural level such as swelling 
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of cell wall and mitochondria in gamma-ray irradiated conidia and mycelia 
(grown from irradiated conidia) as reported for mutant gs-3, may have 
contributed to the increase of gamma-ray sensitivity (in terms of 
conidial inactivation) since little or no such ultrastructural changes 
were observed in the wild type strain (Plate 4 and 5; Table III). 

The variable response to gamma-ray inactiviation as exhibited 
by the gamma-ray sensitive mutants is presumably due to the varying 
phenotypic expressions of the genes involved in the control of different 
steps of the repair pathways. Nonetheless, other factors such as a 
reduction of membrane permeability, secondary mutations as well as 
others as the result of radiation treatment, can not be ruled out as 
a possible source for the observed variability in the response of these 
mutants to fonizing radiation. 

The dose response curve of mutant gs-6 is markedly different 
from the other gamma-ray sensitive mutants (Fig. 2). The final slope 
of its survival curve is however not very different from the one 
obtained with the wild type strain which suggest the possibility of the 
existence of dose dependent gamma-ray repair pathways. As postulated 


by Cox (1968), a survival curve similar to the one observed for mutant 


gs-6 can be expected when a repair system functioning at low dose levels 
is impaired and one operating at higher radiation doses is still intact. 
besides being sensitive to gamma rays, mutant gs-6 is also sensitive to 
the lethal effects of uv-light (Fig.10). Mutants sensitive to uv and 
gamma-rays have also been reported in yeast, S. cerevisiae. The gamma-ray 
dose-response curves for the survival of some of these mutants (Cox and 


Parry, 1968) are comparable to the survival curves obtained for mutant gs-6. 
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Photoreactivation treatment increased the survival of uv-irradiated 


conidia of the wild type strain and mutant gs-6, the latter being sensitive to 
both gamma-rays and uv-light (Figs. 5 and 6). This observation suggests that 
pyrimidine dimers are involved in the inactivation of conidia of N. crassa when 
irradiated with uv light, a conclusion already reached at by Kilbey and DeSerres 
(1967). The earlier findings that Neurospora crassa possesses photoreactivating 
enzyme (Terry and Setlow, 1967; Terry et al, 1967) which is known to split 

the pyrimidine dimers (Wulff and Rupert, 1962) corroborates this suggestion. 
More recently Tuveson and Mangan (1970) have provided genetic information for 
the existence of photoreactivation by isolating a mutant of N. crassa defective 


in this process. 


From bacterial studies it is known that when uv-irradiated 
bacterial cells are held in buffer before plating on the plating medium 
the survival of the cells is increased (Harm, 1968) by excision repair 
(Setlow and Carrier, 1964). "Liquid holding recovery" after uv-irradiation 
has also been observed in yeast (Patrick, Haynes and Uretz, 1964; Parry and 
Parry, 1969 Hunnable and Cox, 1971). However, in Neurospora the effect 
of liquid holding appears to be complicated. The results of the present study 
show that the wild type strain pe (Y8743m)instead of recovery of uv-irradiated 
conidia, exhibited a consistent decline in the survival after liquid holding 
treatment when compared with the survival after immediate plating (Fig. 5). 
A similar negative liquid holding effect after uv-irradiation was reported 
by Schroeder (1970b) for wild type Neurospora crassa and by Harm and Haefner 


(1968) for wild type strains of Schizosaccharomyces pombe and E. coli C. 


Radiation sensitive mutants, on the other hand, produced a vari- 
able response to liquid holding treatment. Mutant gs-6 of Neurospora crassa 


showed a negative liquid holding effect at all dose levels except at the 
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uv-dose of 678 ergs ee at which level of irradiation liquid holding re- 
covery can be observed (Fig.6). Like wild type, the negative liquid 
holding effect in gs-6 increases with increasing dose. The above data 
differs from that reported on by Schroeder (1970b) that radiation sens- 
sitive mutants of N. crassa, unlike the wild type (i.e., characterized by 
dose dependent negative liquid holding effect) displayed liquid holding 
recovery over the entire uv-dose range. Either a negative liquid holding 
effect or a liquid holding recovery was described to occur in radiation 
sensitive mutants of the yeasts S. cerevisiae (Parry and Parry, 1969) and 
S. pombe (Fabre, 1970; Harm and Haefner, 1968). These findings together 
with those reported on here indicate that the response of some Eukaryotes 
(e.g., yeasts and Neurospora) to liquid holding treatment is more complex 
than observed in similar studies with Prokaryotes. There is no doubt 
however, that both the negative liquid holding effect and the liquid 
holding recovery are associated with the dark repair processes operating 
in yeasts, Neurospora as well as in bacteria. Consequently, the liquid 
holding response & the wild type (radio-resistant) strains of these orga- 
nisms is frequently altered by mutations which in addition give rise to 
radiation sensitivity (Schroeder, 1970; Fabre, 1970; Harm and Haefner, 1968; 
Parry and Parry, 1969). The mechanisms underlying the processes of liquid 
holding recovery and negative liquid holding together with their inter- 
relationship, awaits further investigation. 

The survival of uv-irradiated conidia after delayed photo- 
reactivation remained unaffected in the wild type strain of N. crassa 
(Fig. 5) suggesting that photoreactivable uv-lesions were either removed 


or altered by dark repair processes operating prior to photoreactivation 
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treatment when the conidia are held in liquid. Similar observations have 
been reported by Harm (1968) for bacteria, by Parry and Parry (1969) for 

S. cerevisiae, and by Schroeder (1970b) for N. crassa. The present mutant 
gs-6, on the other hand, showed a small but consistent increase in 

survival after delayed photoreactivation (Fig. 6) and parallels in this 
aspect several radiation sensitive mutants of Neurospora (Schroeder, 1970b) 
and Saccaromyces (Parry and Parry,1969). Mutant gs-6 differs from others 

in that at the uv-dose of 678 ergs ae delayed photoreactivation treat- 
ment gives higher survival than immediate photoreactivation treatment. 

As pointed out above the uv-dose of 678 ergs aa also results in a 

liquid holding recovery for this mutant rather than a negative liquid 
holding effect (which is characteristic for mutant gs-6 at higher 

dose levels of irradiation ). Both these observations taken together 
suggests that at the uv-dose of 678 ergs mie the additive effects of liquid 


holding recovery and photoreactivation, together with the absence of a negative 


holding effect, can be held responsible for the increased survival after 
delayed photoreactivation in mutant gs-6. However, the possible involve- 
ment of several other unknown factors affecting the survival of conidia 
after post-irradiation treatments Can, not be ruled out. The enhancement 
of conidial survival after delayed photoreactivation as observed for 
mutant gs-6, indicates that this mutation at least partly affects the 
excision of photoreactivable uv-lesions. 

Caffeine is known to impair dark repair processes in different 
organisms, both Prokaryotes and Eukaryotes (Witkin, 1969; Patrick and 
Haynes, 1964; Lumb et al., 1968: Fabre, 1970). The present investigation 


reveals that caffeine plays a rather similar role in N. crassa. 
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uv-irradiated conidia of a caffeine resistant strain when plated 
on a medium containing caffeine showed a decreased survival as compared 
with the survival levels obtained on plates free of caffeine (Fig. 9). 
Assuming that post-irradiation treatment with caffeine should not have 
any effect on the survival of a strain defective in dark repair processes, 
the conidia of mutant gs-6 and wild type (control) strain were held 
in caffeine solution after irradiation and prior to plating on a caffeine- 
free plating medium. The results indicated no significant change in the 
survival of conidia of the wild type as well as of mutant gs-6 due to 
the treatment with caffeine. In comparing these results with those 
obtained with uv-irradiated conidia of a caffeine resistant strain 
plated onto a plating medium containing caffeine (see above), it is 
evident that caffeine is effective only when present in the post- 
irradiation plating medium and not when present in holding solution 


prior to plating (Figs. 7 and 8). A concentration of 0.25% of caffeine 


in the plating medium is sufficient to cause no survival of both wild 

type and mutant gs-6. In comparing these results with those obtained 

with caffeine present in the post-radiation treatment prior to final 
plating in the absence of caffeine, it becomes clear that the germinating 
conidium is susceptible to caffeine whereas the resting conidium is 

not affected by it. Caffeine present in an immediate post-irradiation 
treatment (caffeine in distilled water) of non-germinating (i.e., resting ) 
conidia does not influence the survival of these conidia whereas the 
presence of caffeine during the initiation of the vegetative cycle of 

the fungus will lead to death of the developing organism. Hence, the 


post-irradiation treatment with caffeine does not provide results which 
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can be taken as conclusive evidence for the existence of a defective 


dark repair process in mutant gs-6 of Neurospora crassa. 


uv-induced mutability and genetic recombination. 

The mutants of E. coli defective in genetic recombination produce 
no or very few uv-induced mutations, suggesting that the processes of 
genetic recombination and uv-mutagenesis probably involve similar 
enzymatic steps (Witkin, 1969). E. coli recombination deficient mutants 
are sensitive to both, uv- and ionizing-radiation (X-rays or gamma-rays). 
It is understood that this sensitivity is due to a defect in a dark 
repair process, called post-replication repair or recombinational repair 
mechanism (Rupp and Howard-Flanders, 1968). Mutants of another type 
which are defective in excision repair due to their inability to excise 
uv-induced lesions of DNA, are sensitive to uv-light and not to ionizing 
radiation (Howard-Flanders, 1968). These mutations enhance uv-mutability 
and are normal in their response to recombination (Witkin, 1969). 

To extend these studies to Eukaryotes various radiation sensitive 
mutants have been isolated from different organisms and a limited number 
of these mutants were subjected to recombination and uv-mutagenesis studies 


(Strauss, 1968; Resnick, 1969; Nakai, 1969; Avenbeck et al., 1970; Fortuin,1971b: 


3 


Schroeder, 1970a; De Serres, 1971; Fogel and Mortimer, 1971). Properties of 


radiation sensitive mutants of E. coli, S. cerevisiae and N. crassa 
with respect to their response to genetic recombination and uv-mutability 
are summarized in Table IX. 

In comparing the properties of radiation sensitive mutants of 
yeast and Neurospora the following classification with regared to their 


uv-mutability and recombination can be made: (i) yeast mutants with 
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reduced uv-mutability are all sensitive tO uv- and ionizing radiation 

and where tested, showed normal recombination; (ii) Neurospora mutants 
defective in uv-mutebility are all sensitive to uv and are either 

sterile or normal in their response to genetic recombination, where 
tested, these mutants were found to be sensitive to ionizing radiation; 
(iii) yeast mutants sensitive to uv and with an increased rate of uv- 
induced mutability but normal in their response to genetic recombination; 
(iv) Neurospora uv-sensitive mutants characterized by an increased 

yield of uv-induced mutations are all normal in genetic recombination. 

It is evident from the above, that the reduction in uv-mutability in 
mutants of both yeast and Neurospora is not associated (as in E. coli) 
with the deficiency in genetic recombination and hence in these Eukaryotes 
uv-mutagenesis and genetic recombination are as processes independent of 
each other. Nevertheless, several mutants of Neurospora and yeast are 
known which have uv-mutability and recombination characteristics similar 
to the exision defective mutants of E. coli. The disparity between 
radiation sensitive mutants of E. coli and N. crassa with regard to 

their response to genetic recombination and uv-mutability is also evident 
from the results of the present investigation. Gamma-sensitive mutants 
of N. crassa were tested for uv-mutability and genetic recombination. All 
of the six gamma-ray sensitive mutants gs-l, gs-2, gs-3, gs-4, gs-6 and 
gs-20 yielded fewer uv-induced forward mutations for caffeine resistance 
than their wild type progenitor (Figs. 10 and 11). uv-mutability for 
back mutation to adenine prototrophy was studied in mutant gs-4 and 


gs-6. Both of these mutant strains showed a reduction in the frequency 


of adt prototrophs when compared to the wild type strain (Fig. 14). 
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Although quantitatively all gamma-ray sensitive mutants showed a reduction 
in the yield of uv-induced mutations, qualitatively the uv-mutability 
response appeared more complex as reflected by the variable shapes of 

the mutation curves for the individual strains. It appears that the 
complexity of the process of uv-mutagenesis itself and the nature of 

the block in the DNA repair pathways caused by the mutation to gamma- 

ray sensitivity, are the main factors influencing the shape of the uv- 
dose effect mutation curves of these strains. In addition, Auerbach 

and Kilbey (1971) list several other factors which may contribute to the 
complexity of the uv-induced mutation curves. 

Assuming that at a given dose level the average number of pre+ 
mutational uv-lesions per survivor are similar in wild type and gamma- 
ray sensitive mutants, it can be predicted that the number of detectable 
uv-induced mutations per survivor should be comparable regardless as 
to whether the strain is gamma-sensitive or resistant. Contrary to 
this prediction it was found that all gamma-ray sensitive strains pro- 
duced fewer uv-induced mutations per surviving cell when compared with the 
wild type(Figs. 12,13 and 15) which suggests that in gamma-ray sensitive 

mutants most of the pre-mutational lesions fail to produce detectable 
mutations. It therefore appears that gamma-ray sensitive mutants are de- 
fective in the process of uv-mutagenesis. 

The presence of caffeine in the pest-irradiation plating 
medium (as used for the selection of caffeine resistant mutants) is 
not implicated in the reduced uv-mutability as exhibited by the gamma- 
ray sensitive strains. In general, the presence of caffeine enhances 


the lethal and mutagenic effects of uv-light in both Pro- and Eukaryotes, 
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presumably by impairing the dark repair processes (Grigg, 1968; 

Witkin, 1969; Trosko and Chu, 1971; Moustacchi and Enteric, 1970; 

Lumb et al., 1968; Fabre, 1970). Similarly, when present in the post- 
irradiation plating medium, caffeine was found to enhance the lethal 
effects of uv-light in caffeine resistant mutants of N. crassa (Fig. 9), 
implying that caffeine inhibits the dark tepair process and probably 
increases the mutagenic effect of uv. As is evident from the low levels 
of uv-induced mutation rates the enhancement of the mutagenic effect of 
uv by caffeine is suppressed in all the gamma-ray sensitive mutants 
tested. 

Statistically, the yield of uv-induced mutations is signifi- 
cantly reduced (p=0.05) over almost the entire uv-dose range used for 
all the gamma-ray sensitive mutants except in mutant gs-3 which, when 
tested over the same dose range, showed only a small reduction in the 
uv-induced mutation rate (Table IV). 

Electron microscope studies of mutant gs-3 indicate that 
radiation sensitivity of this mutant is presumably affected in cellular 
processes other than those associated with the DNA repair processes. It 
is therefore possible that the uv-mutability of mutant gs-3 has been 
reduced as a result of the inherit increased wall thickness of this 
isolate when compared to the wild type strain (Table III). From 
literature itis kmwn that in several organisms cell wall thickness 
alters the uv-induced mutation frequency (Auerbach and Kilbey, 1971). 

Interallelic recombination was studied in gamma-ray sensitive 
mutants gs-2, gs-4, gs-6 and gs~20. Each of the mutant (gs) or 


wild type allele (gst) when in homozygous condition showed a wide range 
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in the frequency of pant prototrophs produced as a result of recombination 
between two pan-2 alleles: B 3 and B 5 (Fig. 16). No significant dif- 
ference in the pant prototroph frequency was observed in mutants gs-2 
and gs-4 when compared to wild type, however, mutant gs-6 and gs-20 
produced a significantly higher frequency of interallelic recombination 
(Table VIII). Since the observed magnitude of variation amongst the 
different crosses is not unusual for Neurospora (Schroeder, 19704), the 
conclusion that the four mutations gs-2, gs-4, gs-6 and gs-20 con- 
ferring gamma-ray sensitivity do not have any effect on inter-allelic 
recombination in Neurospora, seems to be warranted. Moreover, the 
recombination frequency between the two pan-2 alleles, B3 and B5 in all 
the crosses (Table VIII) is comparable to the value (0.1%) reported 

by Case and Giles (1958) for these two alleles. 

Mutant gs-6 resembles the mutants of S. cerevisiae (Lemontt, 
1971c) in its response to radiation sensitivity, uv-induced mutability 
and genetic recombination (Table IX). In this respect it is interesting 
to note that these yeast mutants were isolated directly for reduced 
uv-mutability. Schroeder (1970b) has also reported a mutant (uvs-3) 
of N. crassa with properties similar to those of mutant gs-6. Unlike 
mutant gs-6, crosses involving mutation uvs-3 in homozygous condition, 
were reported to be sterile. This sterility, however, was not associated 
with the process of meiotic recombination. Schroeder (loc.cit.) was 
able to demonstrate that the mutation uvs-3 causes an enhancement of 
the frequency of mitotic recombination. 

The mutants gs-l, gs-2 and gs-20 of N. crassa belong to a 


class of mutants new to Prokaryotes as well as Eukaryotes. As discussed 
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above, these mutants are sensitive to ionizing radiation but not to 
ultraviolet light. They exhibit reduced uv-mutability and are normal 
in recombination. Although mutants sensitive to x-rays with normal 
sensitivity to uv-light have been isolated in S. cerevisiae, no data 
regarding their uv-mutability is as yet available (Table IX). Some 
of these yeast mutants exhibit reduced recombination or meiotic sterility. 
The fact that the frequency of both, uv-induced forward 
mutation for caffeine resistance and adt revertants was found to be 
reduced in mutant gs-4 and gs-6, suggests that the effect of these 
mutations on uv-mutability is perhaps general rather than locus specific 
as was shown by Chang et al., (1968) to be the case in Aspergillus 
nidulans: In this organism a uv-sensitive mutant yielded fewer uv- 
induced adm revertants but the frequency of mett prototrophs remained 
normal when compared to a uv-resistant strain carrying the same markers. 
Recently, uv-sensitive mutants of N. crassa showing a reduced frequency 
of uv-induced forward mutation for caffeine resistance (Chang et al., 
1968) and for adenine requirement (De Serres, 1971) have been reported. 
It should be emphasized that mutant strains gs-4 and gs-6 vary 
in their response concerning uv-mutability of two different markers i.e., 
forward mutation for caffeine resistance and back mutations for adenine 
requirement (as is evident from the Thee: shapes of the respective 
mutation curves, Figs. 10, 11 and 14). The shapes of the mutation curves 
of the wild type for these two markers (i.e., caffeine resistants and 
adt revertants) are very much similar. Therefore, the different types 
of mutation together with the nature of the defect caused by a given 


mutation conferring radiation sensitivity, may account for the variability 
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observed with regard to uv-mutability of these gamma-ray sensitive 
strains. Nakai and Yamaguchi (1969) reported that uv-mutability re- 
sponse of a radiation sensitive mutant of S. cerevisiae was considerably 
influenced by the type of mutations (true back mutations, super- 
suppressors and addition-delection types) induced. They suggested that 
the dark repairability of pre-mutational damage depends upon the type of 
mutation. The possibility that the mutability response of a particular 
strain may also be variably affected by the different loci involved 
(Auerbach and Kilbey, 1971), can not be excluded. 
Spontaneous mutability. 

Besides reduction in uv-induced mutability, all gamma-ray 
sensitive mutants yielded fewer spontaneous mutations for caffeine res- 
istance when compared with wild type (Table IV). Some of the radiation 
sensitive mutants of E. coli which showed reduced uv-mutability also 
suppressed spontaneous mutability, while others showed a normal yield of 
spontaneous mutations (Witkin,1969; Miura and Tomizawa, 1968). Similarly, in yeas 
mutations conferring radiation sensitivity have been reported to have increased 


the spontaneous mutation frequency (von Borstel,et al., 1968), whereas some 


radiation sensitive mutants showed a reduced spontaneous mutability (Averbeck 

et al., 1970). Different radiation sensitive mutants of N. Crassa also showed 

a variable response for spontaneous mutability (De Serres, 1971). In the present 
study, no spontaneous mutations for adenine revertants were obtained in the wild 
type and mutant gs-6, whereas mutant gs-4 yielded a frequency of 3 revertants 
per 10° survivors. These observations suggest that spontaneous mutagenesis 

is affected by the mutations causing radiation sensitivity, however, the 
interdependence of the process of spontaneous mutagenesis and DNA repair systems 


appears to be complex. 
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In summary, the results of the present investigation indicate 
that in N. crassa uv-mutagenesis and genetic recombination, are at least 
in part, independent processes and are related to the dark repair 
mechanisms. Moreover, not only mutants sensitive to both, ultraviolet 
light and ionizing radiation, but also the mutants sensitive to ionizing 
radiation alone, may affect the uv-induced mutability. It appears that 
in N. crassa sensitivity to gamma-rays interferes more readily with uv- 
mutagenesis when compared with the effect of sensitivity to ultraviolet 
light on uv-mutagenesis. A similar conclusion is implicit from the work 
of Baptist et al,, (1971) which led them to suggest that in Eorcold 
factors enhancing gamma-sensitivity but without an effect on uv-inacti- 
vation of cells, interfere with the post-replication repair mechanism 
which is involved in uv-mutagenesis. 

As stated earlier, the frequency of spontaneous as well as 
uv-induced mutations for caffeine resistance is considerably reduced 
in all gamma-ray sensitive mutants when compared to the wild type 
strain. This observation leads to the assumption that the wild type 
strain, pe (Y8/743m) carries a mutation of a gene which controls mutabili- 
ty and consequently enhances the spontaneous as well as the uv-induced 
mutation rate in this strain. Hence, in its phenotypic response of mutability 
the wild type strain may be considered a mutator strain similar to those 
described in S. cerevisiae (von Borstel et.al., 1968). Based upon this 
argument it may be suggested that the six gamma-ray sensitive strains 
as described in this study, represent the mutations of a gene or genes, 
which besides eliminating the mutator activity present in their wild type 


progenitor, also block the process involved in the repair of the damage 


incurred from exposure to gamma radiation. 
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Due to the limited number of studies involving Eukaryotes, it 
is not possible at present to draw any definite conclusion regarding the 
inter-relationship of the processes of DNA repair, uv-mutagenesis and 
genetic recombination. Nevertheless, the result of the present investigation 
together with other studies on Eukaryotes (Table IX), have revealed that the 
genes controlling uv-mutagenesis do not affect genetic recombination. This 
is in contrast to findings in E. coli which indicate that both processes, 
genetic recombination and uv-mutagenesis, are controlled by the same genes 
(Witkin, 1969). Similarly, in yeast there are genes mutations of which reduce 
genetic recombination without altering the radiation sensitivity of the cells 


(Rodarte-Ramon and Mortimer, 1972). 


The present results seem to lend support to the assumption that 
each of the three processes, genetic recombination, uv-mutagenesis and 


DNA repair after radiation damage, involves several steps and only a 


few of these steps are shared by all the pathways. Lemontt (1971b) has recently 
presented an evidence which suggests that in yeast, more than one pathway is 
involved in uv-mutagenesis e.g., strains carrying two rev mutations (defective 
in uv-mutability) are more uv-stable than single mutant strains. Interestingly, 
some observations made on Prokaryotes are also consistent with this hypothesis. 
For instance, not all recombination deficient mutants of Pseudomonas aeruginosa 
and of E. coli are sensitive to radiation (Holloway a l966s(5tormeetedlelO71) 
Also, Miura and Tomizawa (1970) showed that in bacteriophage lambda, mutants 
deficient in the recombination process behave in a normal fashion with regard to 
uv-mutability. 

Although it can be assumed that the underlying mechanisms of 
DNA repair, uv-mutagenesis and genetic recombination are basically 


similar in both, Prokaryotes and Eukaryotes, it can also be expected 
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that these processes may have Heer variously modified in their degree 
and nature of interdependence as a result of evolutionary diversification. 
Therefore, the variable response of mutants defective in the dark repair 
processes, genetic recombination as well as in uv-mutagenesis, are 
probably manifestations of such modifications. In the light of the 
findings that mutations of genes controlling radiation sensitivity in 
yeast have specific effects on mitotic or meiotic (gene conversion or 
crossing over) recombinations (Rodarte-Ramon, 1972), it may be 
suggested that mutants defective in different types of genetic recombina- 
tions should be separately characterized for their response to uv- 
mutability of different loci (carrying known molecular types of mutations) 
and for radiation sensitivity. 

Results of such investigations may elucidate the understanding 
of the Se Spec of DNA repair, uv-mutagenesis and genetic recombination 
and may also serve as the basis for an evaluation of the interdependence 
of these processes in both, Prokaryotes and Eukaryotes. Biochemical support 
to these investigations may be provided by the development of the techniques 
as used by Unrau et al,,(1971) to detect the radiation induced lesions in the 


DNA of Ss. cerevisiae. 
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SUMMARY AND CONCLUSIONS 


Using ultraviolet light as a mutagen (wavelength 2530 Ao six 
gamma-ray sensitive mutants have been isolated in Neurospora crassa. In 
addition, one of these mutants, gs-6, was found to be sensitive to 
uv-light. Tetrad analysis indicated that radiation sensitivity of 
these mutant strains is under the control of single nuclear genes. When 
induced with uv-light, all gamma-ray sensitive mutants yielded fewer 
mutations for caffeine resistance when compared to the wild type at 
equal levels of uv-dose or survival. Moreover, mutants gs-4 and gs-6 
showed reduced mutability for adenine revertants (ad*). 

Crosses homozygous for each of the mutations, gs-2, 
gs-4, gs-6 and gs-20 were fertile and yielded normal frequencies of 
interallelic recombination (measured as pant prototroph frequency) 
between two pan-2 alleles, pan-2(B3) and pan-2(B5). 

The results of this investigation suggest that the process of uv- 
mutagenesis is interrelated with the DNA repair processes involved in increasing 
the survival after irradiation and is at least partly independent of 


the process of genetic recombination. 


38 soyd bitw sits 9 Boaageob abil somnantens sazerina woh 
d=eg due eg eametun _aseapc0l Tevivaie se saab-wu Ye 
(tb) naties inte ontasbs 763 entideaee' 
S32 ,enatyesum dy 20 dose 10 avogysomed 2 
A ial Vr ae 
to estonsips1i Ismzon babisty bos (tds? ovew Osrag sac a hee ti 
(yoneuess? dqodtoserg *oaq 6 batuAsst) coksaardaooes . 


. (2) Snag) bas (£8)S-eay estate Sana. ows vesicaat 


i =a, Gree 


-vy to deasovg sis 3849 sesgaue solisgiiasvis etds to etfuest onT 
jo, om 

sstout Ai beviovnl eseesco%q theget AMG ot dzdw pobhievssaat et tigedeghatne 
46. ansbraqebai vld+sq Janel gp ab bas notistbstat ‘caste igeheueaeaol 


nettantdndast, — ta easnoig $i, 


oe 1 


~ ei ¢ 2 - 


-120- 


BIBLIOGRAPHY 


Adler, H.I., 1966 The genetic control of radiation sensitivity in 
microorganisme, Adv. Radiation Biol., Z:16/—-191 


Allen, A. 0., 1961 The radiation chemistry of water and aqueous 


solutions. D. van Nostrand Company, Inc. Princeton, New Jersey, 


pewmeOs 


Auerbach, C., and B. J. Kilbey, 1971 Mutation in eukaryotes. Ann. Rev. 
Genetics 5:163-218. 


Averbeck, D., W. Laskowski, F. Eckardt and E. Lehmann-Brauns, 19/0 


Four radiation sensitive mutants of Saccharomyces: survival after 
uv-and x-ray irradiation as well as uv-induced reversion rates 
from isoleucine-valine dependence to independence. Molec. Gen. 


Genetics, 107-11 /=127. 


Baldy, M. W., 1968 Repair and recombination in phage T4. II. Genes 


affecting uv-sensitivity. Cold. Spring. Harbor. Symp. Quant. 
BLO Pes 3 39> 350% 


Baptist, J. E., F. M. Starkey, B. S. Friesen and D. A. Scudiero,1971 
A correlation between sensitization to gamma-rays by purine 
starvation and the rec genes in Escherichia coli K-12. Molec. 


Gen. Genetics 112:36-42. 


Barbour, S. D., and A. J. Clark,1970 Biochemical and genetic studies 
of recombination proficiency in_E. coli. I. Enzymatic activity 
associated with recB and recC genes. Proc. Natl. Acad. Sci. 


Oooo 90. 


Barratt, R. W., and W. N. Ogata,1970 Neurospora stock list. Neurospora 
Newsl. 16:23-123. 


Barry, E. G.,1966 Cytological techniques for meiotic chromosomes in 


Neurospora. Neurospora Newsl. 10:12-13. 


<, apa 


VOR .tith .essoyzsdes mk satan £yec , ‘ue t Plea 2 mt 
i ; a ’ re pee 7 : 
OfeL enpixk-nnsmisl .a bhe dbasdoa .1 ,tdewodend Hc onervek 
i9jis lavivws teasymoyadescse Yo einbium ovidianse sotenghey twee 
#ain1 ooletevax beoubni-ve es Ilesw 26 coiteibsrti Atk bares i #4 _ 


099.3210 .sonsbregsbni o1 somebnéqsb oni i sy-satouedoal Fe idee 1 
ASI-UIL; TO1 2oijansd | : 
wa el gee wo 
asned .Tl .AT sged@ mt adigestdiioos: bas stags Boel ..W .M ~ybled : 
-Ineu0 -qmrye .tedzsH .gnbaqe .bieo data cash li gotiostte i. 
: 7 ta. s scuba! 7 
Bi sst re big fo ed 
7 
7 
7 


(  @)nie ia 
DXCk ogekbuse A .0. bab mashes 12 (4 autiase Mol 4.8 sb tabignl 
sniquq vd eyemsmmag oF noLasxisbemes ogsysed noltaisiyoo A i 


-osfoli .Si-4 tLoo sidobisdzed mk dsdeg sax 93 bie nobieviese | : 
SR BESEL eabiengd .cad - 
- 


eskbuaz olzonsg bas lenimervol@ OF@Lwdzsld .L A bas .-G +2 quod | 
yaivisos skjamysua .I .ifos.. “oat. Xpitetotiog nokjauidmoss; to 
.Ho8 .babA ,f3e4 0054 leSa9g $ag3 his doss Hilw caging 


-121- 


Boyce, R. P., and P. Howard-Flanders, 1964 Release of ultraviolet 
light-induced thymine dimers from DNA invE?+coli¥k=12, Proc. 
Natl. Acad. Sei2 651° 793-=300. 


Brendel, M., N. A. Khan, and R. H. Haynes, 1970 Common steps in the re- 
pair of alkylation and radiation damage in yeast. Molec. Gen. 
Genetics 106:289-295. 


Bridges, B. A., J. Law, and R. J. Munson, 1968 Mutagenesis in E. coli. 
II. Evidence for a common pathway for mutagenesis by ultra- 
violet light, ionizing radiation and thymine deprivation. 
Molec. Gen. Genetics 103:266-273. 


Brockman, H. E., F. J. De Serres, 1963 Sorbose toxicity in Neurospora. 
Amer. J. Bot. 50:709-714. 


Brown, A. M., and B. J. Kilbey, 1970 Hyper-uv-sensitive yeast I: isolation 


and properties of two such mutants. Molec. Gen. Genetics 


108:258-265. 


Catvert, J. G., J. Pits, (Jr.), 01967) Photochemistry.» John Wiley Nowy, 
Pero. 


Case, M. E., N. H. Giles, 1958 Recombination mechanism at the pan-2 


locus in Neurospora crassa. Cold Spr. Harb. Symp. Quant. Biol. 


PAB oa VINE STB ya), 


Chang, L. T., J. E. Lennox and R. W. Tuveson, 1968 Induced mutation in 


uv-sensitive mutants of Aspergillus nidulans and Neurospora 
crassa. Mutation Res. 5:217-224. 


Chang, L. T., R. W. Tuveson, 1967 Ultraviolet-sensitive mutants in 


Neurospora crassa. Genetics 56:801-810. 


“sx sid ch eqode camaad ae fesayill 
nso oe hotl tansy of syemeb nodisrb 


:bigo’ Hi ak eleenspagol’ Bal «Hognulh. SF be oe eine 
~stilu vd siesnegstum Tot euwelteq: nomnos # 292 aoasbiva *. 1 = i 
porgaviiqeb ankmydd) bop. nataptbes antstnet ,3figti ieLoly 
 ENS-S:€0! ankawae «a2 adatom Lames 


.Bzogeogue nt yatstxos seodrac Cael .earss? Pe | | ii tall ae 
ATT-BOT 08 tot ts 790A ae 


Tee ; 


aokislost ri tes9q¢ svitbense-vi-xzaqyll OVCL ,qediaa .b -@ base «MA swore 
esizedso .nsd .ssicot -edasiue fave ows to ae a » doe 


-¥ .# yeliw ool .yxteimsdsosodt Veel a waht sk ged t ps! 


-T8l ug ma ao 

. y ‘aoe yy : 

S+nag ert dias melnedoom nee seel esto HOW .-3 .M , sea) | 
Lokd .3hsuO gry? .dral vaqe Bled eanzs ° le avool 7rd 


LE:€s = - 
a 


-122- 


Chang, L. T., R. W. Tuveson and M. H. Munroe, 1968 Non-nuclear inheritance 


of uv-sensitivity in Neurospora crassa. Can. J. Genet. Cytol. 10:920-927. 


Glarkgar,. x, M; Chamberlin, R. Boyce and P. Howard-Flanders,1966 Abnormal 
metabolic response to ultraviolet light of a recombination deficient 


mutant of Escherichia. coli K-12, Proc, Natl.sAcad. )Sci._53: 451-459: 


Clark, D. J. 1968 Effects of ionizing radiation on synchronous cultures of 


Escherichia coli B/r., J. Bacteriol. 9621150-1158. 


Cox, B.S., 1968 Comment on the difference in sensitivity to various mutagens 


shown by certain mutants. Molec. Gen. Genetics 102:256. 


Cox, B. S., and J. M. Parry, 1968 The isolation, genetics and survival 
characteristics of ultraviolet light-sensitive mutants in yeast. 
Mutation Res. 6:37-55. 

Davies, D. R., 1967 Uv-sensitivity mutants of Chlamydomonas reinhardi. 


Mutation Res. 4:/765-/770. 


Davies, D. R., and S. Levin, 1968 Uv-induced reversion to prototrophy 
in three strains of Chlamydomonas reinhardi differing in dark 


repair capacity. Mutation Res. 5:231-236. 


Dean, wc ange, Paulingssly7 OsProper tiles solea deoxyribonucleic acid 
ligase mutant of Escherichia coli: x-ray sensitivity. J. 


Bacteriol, 102:588-589. 


De Serres, F. J., 1971 Mutability of uv-sensitive strains of Neurospora 


crassa. Genetics Suppl. 68:14 (abstract). 


~~ pregner a 


FanctondA Oat) ,a4sbael T-brswoH bak vg sovol A 


slatiab notsapldmyser s to pene ere o3 a 


@0-488 VEE koe bes . 198M 2074 Sf-a bioo sitahasii 40 sma 
+ oul 


4o eayndive euonotiocye no nobtabhes gnisicat do 309328 gael ao a. 
ACIT-0@11208 .loltesost .L . Tha dog pidatsadoed 


aveyedum euotsay o2 ¢tiviziease mi Sanezelltbh of3 ag Inomno acer Pah. . 


aT 
9€8: 901 apitedsd .969 ,aefol ,edassum mieITSs ud awode 


- 
= ae 


ce = 


Fy okie | 
feviviwe bas svldonsg jaokseioet ofl 8001 ened Ht L baa oe x0 ; 
wae 


Jessy ab sinsjum svittense-idgii selotvexsiv to eoitebse3oessno 


4 
, - isd 
tbzalinies penom byeeidd to esaesum erivtatanon-vd Wel ,# @ « ved 


o 
.22~F€sd 238 molie2uM as _ a 
y 
LZ 


OCT -eaty® Leetinotzesm 

* hy aes 

giqo1s0497q 02 nolsxevst bssubat-vii Bee! ava 2 bons ..A potvad 
daveb of gntroitib ibtedelss agnomobynes dd to enisiia esidi aby a nae 
208+ 188:2) dew moksaauNt ‘titeeeto" tinge oS 


hers . ¥ 
bias gislounodtryxest & io votoaagers ae! 
a abit iL qst-a rtlog abdobsan 


se? bik | 


-123- 


Echols, H., and R. Gingery, 1968 Mutants of bacteriophage lambda 


defective in vegetative genetic recombination. J. Molec. 


Biol. 34:239-249. 


Emmerson, P. T., 1968 Recombination deficient mutants of Escherichia 


coli K-12 that map between thy A and argA. Genetics 60:19-30. 


Esser, K. and R. Kuenen, 1967 Genetics of fungi. Springer Verlag, 
New-York, “Ine 79135—265. 


Fabre, F., 1970 uv-sensitivity of the wild type and different uvs 


mutants of Schizosaccharomyces pombe: influence of growth 
stages and DNA content of the cells. Mutation Res. 10:415-426. 


Fabre, F., 1971 A uv-supersensitive mutant in the yeast Schizosaccharo- 
myces pombe: evidence for two repair pathways. Molec. Gen. 
Genetics. 110:134-143. 


Fincham, J. R. S., 196/7* Recombination within the am gene of Neurospora 
erassa. Genet. Res. (Camb.) 9:49-62. 


Fogel, S. and R. K. Mortimer, 1971 Recombination in yeast. Ann. Rev. 
Genetics. 5:219-236. 


Fortuin, J. J. H., 197la Another two genes controlling mitotic intra- 
genic recombination and recovery from uv damage in Aspergillus 
nidulans. I. uv-sensitivity, complementation and location of 


six mutants. Mutation Res. 11:149-162. 


Fortuin, J. H. H., 1971b Another two genes controlling mitotic intra- 
genic recombination and recovery from uv damage in Aspergillus 
nidulans. II. Recombination behaviour and x-ray-sensitivity of 


uvsD and uvsE mutants. Mutation Res. 11:265-277. 


ene 


-galisY sogniaq? .igavt Yo sstseasa Yael <heneut i bos a = 
.COS-8E1 -onl .AroY WOK 


a 


eve inemsiath bas sgya boiw off io raivigtangan over ." 
Yo esnedum 


si2worn 20 sxssuPtnt : sino x | 
OSd-20h0L .ag8 cokseduM iain io jneaned an bos segete 7 7 
6 . : > pe ees 
-cisibasaostded Yessy si at ase eeriidaapindeens A Ovel, 3 exdet 
192 . 386M (eyawlgeg | thaqe2 ows 302 sonebive’ :admog 0 a 


 SeL-AeLare eatisned ane 
| as 
axoqaotusy Jo snsg mp si? nigsiw. nolvertdeassA Yael Ae AL 7 ; . 
a es oe 


nt 
a 


7 


‘Vol ,AnA stesay ot noksgntdimodas ivel samba rom a A baa .2 cael 7 . 
- 
- 


-9ES-R48:2 -ovizened | 
=p190f 5ijotkm goiiloxinoy 230g. owt sedtonA sf¥OL ..f ol AL atuszot - ‘ 
avittyseqaé al eyameb vu moat ya8yoosys baa notjsnkdmedsx atnsg seh ea 
to golissel has noiiesnsmelgaos ,ystytstensé-vy 41 -Eneigotn : a : 
SOECOTEL (gm nosso eaneaum xte ao 
’ - O 7 ry 
“evant stso9bm ant Lavan. winched terijJomA aici oH A. snage 


-124- 


Fortuin, J. H. H., 197lc Another two genes controlling mitotoc intra- 
genic recombination and recovery from uv damage in Aspergillus 
nidulans. III. Photoreactivation of uv-damage in uvsD and uvsE 


mutants. Mutation Res. 13:131-136. 


Fortuin, J. H. H., 1971d Another two genes controlling mitotic intra- 
genic recombination and recovery from uv damage in Aspergillus 
nidilans. IV. Genetic analysis of mitotic intragenic re- 
combinants from uvst/uvst, uvsD/uvsD and uvsE/uvsE diploids. 


Mutation Res. 13:137-148. 


Greenberg, J. A., 1964 A locus for radiation resistance in Escherichia 


coli. Genetics 49:771-778. 


Grigg, G. W., 1968 Caffiene-death in Escherichia coli. Molec. Gen. 
Genetics 102:316-335. 


Grivell, A. R. and J. F. Jackson, 1968 Thymidine kinase: evidence for 
its absence from Neurospora crassa and some other micro- 
organisms, and the relevance of this to the specific labelling 
of deoxyribonucleic acid. J. Gen. Microbiol. 54:307-317. 


Guglielminetti, R. and M. Schupbach, 1968 Meccanismi di dark repair 
e di photoriattivazione in Schizosaccharomyces pombe. 
Publication no. 4 des Lab. di Mutagenesi e Differenzia mento 


del CNR, Pisa. 


Haefner, K. and L. Howrey, 1967 Gene controlled uv sensitivity in 


Schizosaccharomyces pombe. Mutation Res. 4:219-221. 


Hanawalt, P. and R. Haynes, 1965 Repair replication of DNA in bacteria: 
irrelevance of chemical nature of base defect. Biochem. 


Biophys. Res. Commun. 19:462-467. 


| diane. algae ait Mage Set alial 
a meet .eot gotseioM .eaeesum 

- ve OY ges 

~iortak D430 18 dinbch ila diana i L 
fubbegxege. at $ganeb yu dost s¢aawoos: bos mOLsaekdmonsy | ; 
_ St! sfnegesiat olor 1 ebeyiaas ots6neo A seca bbEe ‘7 

.ebboighb Sevu\asvo baw Gaww\Gevy ,Pava\*eya mowt aznsnkdmo> = 
-BOI~VELIEE cman 


-" 


alistzedoed, i sonbsakeer: sobssibex 102 auook a hoer enone 
JBTTHINT@8 entzenso theo 


19 ,.0l0M .ifoo stisbredaes ot fteeb-aeeh ited teen «Ww. cant 


tap ih a 
101 souebivs :sasniks sokbbmyiT 800L ,coadost .% .t bas ” wA ie 
-orols sada mp bon peBsta: sroqaotuH mort sonande. >) ee fh | 
githitedal ottbosqa ad% o7 wids lo “sbndve!31! sis tae gene toagno ; ‘s 
NTESGEL8E tytaps38M sae QU. bios aaLounodbayxosb Yo : “A 
4 so oe 
theqs1 tish th Tiere “gaet scans Mi caked pttienimietlgud — 7 
| 520, st. ne ob snotsevitiskigsonq tb 9 | va 
ojnem Alsaastetitd s err «dad, ash d .om sOtsaolidul «js 99 _ / 
BSED AMD Lob 7 ; ; 


bl yivitiense vu | 
PRS-859:8 sash aoty 


ti 


stooge 9. ooh ile i kt 
ivriooit .330%8h Sead Yo, sivsee 4 


-125- 


Harm, W., 1963 Mutants of phage T4 with increased sensitivity to ultra- 
violet. Virology 19:66-71. 


Harm, W., 1964 On the control of uv-sensitivity of phage T4 by the gene X. 
Mutation Res. 1:344-354. 


Harm, W., 1968 Dark repair of photorepairable uv lesions in Escherichia 
coli. Mutation Res. 6:25-35. 


Harm, W. and K. Haefner, 1968 Decreased survival resulting from iliquid- 
holding of uv- irradiated Escherichia coli C and Schizosaccharo- 


myces pombe. Photochem. Photobiol. 8:179-192. 


Harm, W. and B. Hillebrandt, 1962 A non-photoreactivable mutant of 
iB. pcolib. sehotochem.sPhotobdiol. 1.271272. 


Hill, R., 1958 A radiation sensitive mutant of Escherichia coli. 
Biochim. Biophys. Acta (Amst.) 30:636-637. 


Holliday, R., 1965 Radiation sensitive mutants of Ustilago maydis. 
Mutation Res. 2:557-559. 


Holliday, R., 1967 Altered recombination frequencies in radiation 
sensitive strains of Ustilago. Mutation Res. 4:275-288. 


Holloway, B., 1966 Mutants of Pseudomonas aeruginosa with reduced 
recombination ability. Mutation Res. 3:452-455. 


Howard-Flanders, P., 1968 DNA repair. Ann. Rev. Biochem. 37:175-200. 


Howard-Flanders, P,, and R. P. Boyce, 1966 DNA repair and genetic re- 


combination: studies on mutants of Escherichia coli defective 


in these processes. Radiation Res. Suppl. 6:156-184. 


-% snag add yo AT) ae ok ne 


sateen sandal 


iil ioc ass anit 
.SE-E259 . 284 cobieauM = 


a 


~biupti orl galiivass Laviwane besastosd 832! _ tindoal 2 bose .W ica 


~oxgdsopbostice bas 3) Hoo stdotinddoes bstebbsrat -va. ial gihied dae 
See r:8 ee mocsoied’ .edmeq eaaym if 


to 2883um sidsviassszosoigraas A S8ef ,jhtratdeliit .8 bos W “ati 
STS-INST sLoktosorT .madoosor sAbLg? My 

thos atrigtipioes io Jastvig ovtitanse nofasthet A B2eL Lay das 
- SEB-OEBTOE (, 280A) 639A ,sydiqokd .minookd 


r 


.atbyst ogettie!! 16 exostum svistense nokisibaa e0e! ‘A ‘xObELioH 
ite ai 208 sobsequM . 


notsutbar of Belogeupst3 aod taatdmo oes hese tA aes vil Pe 
BBS=20S 24 -sait mots’ oetzaad io ‘ante136 sviiienes a 


jo etonsuM. adel afl vawollon i 


iasfuit i bhay vietap a 7 


besubst djiw naonlbeiies. 2 


-126- 


Howard-Flanders, P., R. P. Boyce, E. Simson and L. Theriot, 1962 
A genetic locus in E. coli K-12 that controls the reactivation 
of uv-photoproducts associated with thymine in DNA. Proc. 
Natl. “Acads Scis 48:2109-2115. 


Howard-Flanders, P., R. P. Boyce and L. Theriot, 1966 Three loci 
in Escherichia coli K-12 that control the excision of pyrimidine 


dimers and certain other mutagen products from DNA. Genetics 


23 gh El 91136, 


Howard-Flanders, P. and L. Theriot, 1966 Mutants of Escherichia coli K-12 
defective in DNA repair and in genetic recombination. Genetics 
Sills Jbl 50,2 


Hunnable, E. G., and B. S. Cox, 1971 The genetic control of dark re- 
combination in yeast. Mutation Res. 13:297-309. 


Jansen, G. J. 0., 1970a Survival of uvsB and uvsC mutants of Aspergillus 


nidulans after uv-irradiation. Mutation Res. 10:21-32. 


Jansen, G. J. O., 1970b Abnormal frequencies of spontaneous mitotic 
recombination in uvsB and uvsC mutants of Aspergillus nidulans. 


Mutation Res. 10:33-41. 


Kato, T. and S. Kondo, 1967 Two types of x-ray sensitive mutants of 
Escherichia coliB: their phenotypic characters compared with 


uv-sensitive mutants. Mutation Res. 4:253-263. 


Kelner, A., 1949 Photoreactivation of ultraviolet-irradiated Escherichia 


coli with special reference to the dose reduction principle 


and to ultraviolet-induced mutation. J. Bacteriol. 58:511-522. 


Khan, N. A., M. Brendel and R. H. Haynes, 1970 Supersensitive double 
mutants in yeast. Molec. Gen. Genetics 107:376-378. 


P 


pare a : 


tool seaft aaet acted I bow soya neat 
otibimityg to aoberoxs sg fowanp> ants of-a 
vakjanso .ANO aot e1subotg negesim qa s0 ‘atedvae: 
@bEn-ersrsee +e 

+ oe meh 

S12A tips @tdetaaiog) to eaaRsuM QLD ,soLxeNe «tba. + preheat ae 


x : 7 


7 


eot4aas0 .coldankdmones sidensg mt brs steqe1 AMG ah sytdoeteb Tai 
ORLI-TELTSE2 io 
> = s lal ae 


OOE=TRE2EL .e9h GotinzuM .sessy al aolsantdmas ~ 
7 oe 
wwiltgisgeé Jo adaszum Sevy bos fev to Leviwrue wees ot 2 agenal 
SE-I80L .388 sobtmauk Sr 1933s -eqgalubia 


~§2 JxBb to: lowsneo abisasg sat Sel xed ae a ban sores eoldancul : 
a 
: 


ori ilae 


atjozim euosdpzaoges Yo esthasupszt oaapk ‘weer 30 “Lo a 


-gostubts eulitgasyes to ejoetum ey brs Aeyy a mobdepidagnes, 9 9 Vary, 
dike ie Seyeary Rak eb. - 


‘ 
1 a 


to ginsium svislenee years jo esqys owl aed bad .2 bas .T osek 


a 
dskw bersquos aissadrada ota , shart ‘tea ahateatins 7 
28-085 > am il ae. no 
ee 
ee 


audghaodged beset borci~sefalveriu Seo ener A erent 
eigtontiq Gets cubes swob suit | o8 ener : im 
S$2—HTR: BE ae bil os : | 


-127- 


Kiloey Bow. andur yo ..De Serres, 1967 Quantitative and qualitative 
aspects of photoreactivation of premutational ultraviolet 


damage at the ad-3 loci of Neurospora crassa. Mutation Res. 
4:21-29. 


Kilbey, B. J. and S. M. Smith, 1969 Similarities between a uv-sensitive 
mutant of yeast and bacterial mutants lacking excision-repair 


ability. Molec. Gen. Genetics 104:253-257. 


Kondo, S., 1968 Mutagenicity versus radiosensitivity in Escherichia coli 
Proc. XII Intern. Congr. Genetics 11:126-127. 


Lanier, W. B., R. W. Tuveson and J. E. Lennox, 1968 A radiation- 


sensitive mutant of Aspergillus nidulans. Mutation Res. 5:23-31. 


Laskowski, W., 1960 Inaktivierungsversuche mit homozygoten Hafestammen 


verschiedenen Plodilgrades. Z. Naturforsch 156:495-506. 


Lemontt, J. F., 197la Mutants of yeast defective in mutation induced 
by ultraviolet light. Genetics 68:21-33. 


Lemontt, J. F., 1971b Pathways of ultraviolet mutability in Saccharomyces 
cerevisiae. I. Some properties of double mutants involving 


uvs9 and rev. Mutation Res. 13:311-317. 


Lemontt, J. F., 197lc Pathways of ultraviolet mutability in Saccharomyces 
cerevisiae. II. The effect of rev. genes on recombination. 


Mutation Res. 13:319-326. 


Lemontt, J. F. and R. K. Mortimer, 1970 The selection of mutants of 
yeast that are defective in ultraviolet light-induced 


mutation. Genetics Suppl., 64:38 


Lennox, J. E. and R. W. Tuveson, 1967 The isolation of ultraviolet 
sensitive mutant from Aspergillus rugulosus. Radiation Res. 
31:382-388. 


sviskense-vy 9 osewisd estitrplimte 80! ,dztme .M.2 bos sl). a -ysdita 
riegst-nelatoxs gatdsel adgagsum ietros0ad bos Jessy Yo Sastum! |” mee 
-V2S+-C29: 001 astsens® .asv .oofoM .yatitds - 


iles abistisineds ni yiivisianseolbsa everoy ytholnagaseM 800 ..2 ,obsod ~ 
.VSI-08f: 12 @ot3ensod .+ga09 .ausiel Tix .sext 7 


iio 
-notjetbs1 A 8d0L .xonnasl .3 .1. bee cossvelT .W .A uh .W .2etasl 
-f0-£5:¢ .a8A nofisioM .pastubln auiligzeqeA tc Jassem svisiense . ; f 


n4miasesial nas0qyvSomor il sdove rave gmrzstvi steel O00! ,.W ilavolesd 
02-80. 02) Hosvoteu7et .S vesbetgl tio. neasheidostsy — 


buowbnt nokiazum ut avidoeteb aeeey to esanzuit BETeL ..7 .t’ .ssa0mal 7 
.€€-I8;84 eakisas2 .%cgli isiobvetsain yd 


assymonwigose at yititdayum jelotysadiv to avawdond GLNeL Y.1 .L .23n0met 
guiviovat exnssvm siduob te:astaiaqusg smoz .I oblelvets> 
-VEE-JI€2EL .2od aot iesuM .¥et Sas Cave 7 


ess¢motsisond of yatildedum solotyarsiu io evawdeed otOS stat (23ac0med 
-Gobssatdmoss1 a9 asfseg .vsx to dosiie sdT .1T +sqtabvexs9 
sOSE-CLE;EL .d98 notsestult 


to edpasum jo nottosiee sat OFEL. .remb370M se a baw 29 LL .d3n0med 
beoubni-Itgil sefotvarssu ot sviiosteb sxs.gedy sane¥ 
BEs88 erigqque eattsas), .colssjum 


Jololvatsiv to avbielost sd? (SL ynovsvel WH baw A 4t yxoamed 
“eo ahistbas -aupoligu gulitgaagek mot} snstua 9 ; 


- B8E=88E : LE 


-128- 


Lumb, J. R., A. S. Sideropoulos and D. M. Shankel, 1968 Inhibition of 
dark repair of ultraviolet damage in DNA by caffeine and 
8-chlorocaffeine: kinetics of inhibition. Molec. Gen. Genetics 
102:108-111. 


Luria, S. E., 1949 Type hybrid bacteriophages. Records Genet. Soc. 
Ame LOosL02. 


Mehta, R. D. and J. Weijer, 1971 uv mutability in gamma-ray-sensitive 


mutants of Neurospora crassa. Inter. Atomic Energy Agency Symp. 
IBY ANS RLS Sin 


Miura, A., and J. Tomizawa, 1970 Mutation and recombination of bacterio- 
phage lambda: effect of ultraviolet radiation. Proc. Natl. 


Meads i361. 07 . Li 22) 206 


Miura, A. and J. Tomizawa, 1968 Studies on radiation-sensitive mutants 
of E. coli. Ill. participation of the rec. systems in induction 
of mutation by ultraviolet irradiation. Molec. Gen. Genetics 


OS ie Or 


Mori, S. and S. Nakai, 1968 Induction of allelic recombination in uv and 
x-ray sensitive mutants of yeast. Proc. XII Intern. Congr. 


Genet. 1280. 


Moustacchi, E, 1969 Cytoplasmic and nuclear genetic events induced by 
uv-light in strains of Saccharomyces cerevisiae with different 
uv-sensitivities. Mutation Res. 7:171-185. 


Moustacchi, E. and S. Enteric, 1970 Differential "liquid holding 
recovery" for the lethal effect and cytoplasmic "petite" 
induction by uv-light in Saccharomyces cerevisiae. Molec. 
Gen. Genetics 109:69-83. 


PAN: wad .P 
ponaass 


Sabo 10, ‘nit a; 


-ofteit0e8d te aotasnidmesss baw. noliasuY over . oid iL he eA A exit ' 
iva looxT ,notisiber jefotvaiity 16 Joet3s tabdmat sgadq iy 
-BSVIeSSSL048 shoe « -bsoA -_ 
ve f ev shot : 
et . ; 
7 iyead =~ } 
sinndum svbitense-noljcibat co esbbuse Beet -swestmol st a .A ,e1urM 7 © 
ackasubak ink amasaye .net sdd° 10: noltsqtotiaaq . See | tte i to ‘aaa a 
eoktenss .ds0 .veloM) .notssbbaxs! selolyas3in yd no. sesue io _ 
ue | — 
, 
brs yu mt avbasnkdmose1 alisiis Bo. aobioubal gati » telah 7 baa 2 30M az 
.agnod «regal TIX .o67d 16587 to einsiun ov id tenee yBi-x a 7 


,08:L .jensd 


a béoubat eiasvs st4on8g se9toaa | bas simeniqgosyd eaes a.  tdooadauelt » v- 
jagistth d3lw oetekveTss goby to ombiida: adgt lve r 
O01 t a nore ,eskat 


-129- 


Moustacchi, E., 1965 Induction by physical and chemical agents of 


mutations for radio resistance in Saccharomyces cerevisiae 
Mutation Res. 2:403-412. 


Nakai, S., 1969 The studies of radiation sensitive mutants in yeast. 
Gamma-field Symp. #8. 17-29. 


Nakai, S. and S. Matsumoto,1967 Two types of radiation-sensitive 
mutants in yeast. Mutation Res. 4:129-136. 


Nakai, S. and E. Yamaguchi, 1969 Differential mutabilities to types of 
mutations with ultraviolet light between normal and uv- 


sensitive mutant of yeast. Japan J. Genetics 44:355-365. 


Nasim, A., 1968 Repair-mechanism and radiation-induced mutation in 


fission yeast. Genetics 59:327-333. 


Ogawa, H., K. Shimada and J. Tomizawa, 1968 Studies on radiation 
sensitive mutants of E. coli. I. Mutants defective in the 


repair synthesis. Molec. Gen. Genetics 101: 227-244. 


Oishi, M., 1969 An ATP dependent Dnase from E. coli with a possible 
role in genetic recombination. Proc. Natl. Acad. Sci. 


Ga 29 21-2991. 


Parry, J. M. and B. S. Cox, 1965 Photoreactivation of ultraviolet 
induced reciprocal recombination, gene conversion and mutation 
to prototrophy in Saccharomyces cerevisiae. J. Gen. Microbiol. 
40:235-241. 


Parry, J. M. and B. S. Cox, 1968 The effects of dark holding and 
photoreactivation on ultraviolet light-induced mitotic 
recombination and survival in yeast. Genet. Res. (Camb.) 


12:187-198. 


a ya Alas ores ; 
‘daee@ bY wawaaoe Seibibase Gpkdabbds 24 abiehed amt MOL =. 2ocemeae 
QS-tt BR at ot alnal 


gviviease-aotspthsx to sock. owl Vel osomwe aah re o +2, taeda : 


OE [-8S Tah +054 RokjaavN Jensy ab etnesem ue 

io asqya ot aotsbitdesum Iptaneyettid eéel bd ougsmny, «3 bos .2 j telat 
“vi bus Lemon poswosd ingit jstoiverjiv ditw evotssjim 
.C6E“C0E: MA eotdened ~b anget tansy io to62umn avidiangs 


se : 
. ody 
ft oolissum bssubsl-sotjs¥bsz bas me toedoge-riggsd, eae! «A .mtesii 


QEESVSEI82 actiodd) .idasy goleak? = 


— 
. a | 1 De 


nolyaibsat no esibus2 Bd0l ,awartmoy .1 bos stemtde .X ,.H ,ewegd 
adi at svizosteb einetuMt I .tlos .d 20 adhesin sytdheqse 
.pds-TSE LOL exlisems0 .900 .ostoM .etearnsanye ategey 


siéipaog c d3tw ife> .3 mot? saend tnsbaeqah {TA mA eaer aeM gkdekO) 
-f9@ .beoA .L38% .90y9 .coltenkdmooss sijensg mi alot 
 CUSERSRSE chB 


jelofyartiy te nokysvinoadtojod? 26e!l ,xod .2 of bua .M .E eet) ae 
sotissu@ bos coletsvnos sceg ,w0ljantdmovss Lasorqtsex Seoubat 


Lotdorokm .aeo .1 9Biatvsys9 Byaymosnin gue nt yigorseto7q 03 
. £8S-2E5200 


Sua ar 


bis gnabiod seb 20 Adpete aft Bae! ,x0d 2 i bas .M lL . yard 


objotim baavbnt=sigit no i cee 
(.dits) .a98 645080 . Femay ab 


-130- 


Parry, J. M. and E. M. Parry, 1969 The effects of uv-light post- 
treatments on the survival characteristics of 21 uv-sensitive 


mutants of Saccharomyces cerevisiae. Mutation Res. 8:545-556. 


Patrick, M. H. and R. H. Haynes, 1964 Dark recovery phenomena in yeast. 


Il. Conditions that modify the recovery process. Radiation 
Res. 23:564-579. 


Patrick, M. H., R. H. Haynes and R. B. Uretz, 1964 Dark recovery 


phenomena in yeast. I. Comparative effects with various in- 


activating agents. Radiation Res. 21:144-163. 


Pease, D. C., 1964 Histological techniques for electron microscopy. 


Academic Press, New York. London. Scotland. p. 34. 


Pettijohn, D. and P. Hanawalt, 1964 Evidence for repair replication 
of ultraviolet damaged DNA in bacteria. J. Mol. Biol. 
9:395-410. 


Pittman, D. D., 1961 Photoreactivation of ultraviolet induced reciprocal 


and non-reciprocal recombination. Bacteriol. Proc. 97. 


Radman, M., L. Cordone, D. Krsmanovic-Simic and M. Errera, 1970 
Complementary action of recombination and excision in the 


repair of ultraviolet irradiation damage to DNA. J. Mol. Biol. 


LO 203=212". 


Resnick, M. A., 1969 Genetic control of radiation sensitivity in 


Saccharomyces cerevisiae. Genetics 62:519-531. 


Riley, R. and T. E. Miller, 1966 The differential sensitivity of 
desynaptic and normal genotypes of barley to x-rays. Mutation: 


Res ,09:55)-30 24 


Lin OF ow +e 
yravosds died A8UL jatead We .H baw —_ a RM as 


-ai auotsey diiw-eaastte sviteraqmoo .I 42 mi — 7 
(CdtsbAre IS veoh Merantber oe 


_yqoosotste ortosis 20% agnptarisss oe agi a oO eee 
ME oq .baslaoo® .aobnosl .ix0Y wot .enead ohosbash i 
_ ” 24 o 


nolsmoligqe: tisqes yo? sonsbive baer test | bos = a - 
foth .f0M -L ,sbxpaded mk AMG bognmd: 


feooxginey besubal istekveraty te noktaviasbexodedd ‘raet 1] a | anaes an 
(8 .3039 .folisjas8 -gohseatdmossy, rent Santaliaie? bas : i ny 
iP I 


\ : pe tT. 4D F id 
OOP ,sasaat .M bas oie“ otvonsmest a “esa of iM vane _ 
sii ot notatoxs ine norssatdmosss to qoh3ss’ Lgmod 
fora). ioM .L ARG 02. spumab aeneereres salotveraes. te sieqsi - . ar 


AEEC08 cates 7 


at yiiviatense =saue ies. styensd. @8@E \.A LM colnet : ; 
SEE-REE $8 = Peneccene Z es 7 
Nees 


-131- 


Rodarte-Ramon, U. S., 1972 Radiation induced recombination in Saccharo- 


myces: the genetic control of recombination in mitosis and 


meiosis. Radiation Res. 49:148-154. 


Rodarte, U. S., S. Fogel and R. K. Mortimer, 1968 Detection of 


recombination defective mutants in Saccharomyces cerevisiae. 
Genetics 60:216-217 (abstract). 


Rodarte-Ramon, U. S. and R. K. Mortimer, 1972 Radiation-induced 
recombination in Saccharomyces: isolation and genetic study 


of recombination deficient mutants. Radiation Res. 49:133-147. 


Rorsch, A., A. Edelman and J. A. Cohen, 1963 The gene controlled 
radiation sensitivity in Escherichia coli. Biochem. Biophys. 
Acta 68:263-270. 


Rupert, C. S., 1960 Photoreactivation of transforming DNA by an enzyme 
from baker's yeast. J. Gen. Physiol. 43:573-595. 


Rupert, C. S. and W. Harm, 1966 Reactivation after photobiological 
damage. Advanc. Radit. Biol. 2:1-81. 


Rupp, W., and P. Howard-Flanders, 1968 Discontinuities in the DNA 
synthesized in an excision-defective strain of Escherichia 
coli following ultraviolet irradiation. J. Mole LO le 
31:291-304. 


Schroeder, A. L., 1970a Ultraviolet-sensitive mutants of Neurospora. 


1. Genetic basis and effects on recombination. Molec. Gen. 


Genetics 107:291-304. 


Schroeder, A. L., 1970b Ultraviolet-sensitive mutants of Neurospora. 
Il. Radiation studies. Molec. Gen. Genetics 107:305-320. 


Setlow, R., 1966 Cyclobutane-type pyrimidine dimers in polynucleotides. 
| Science 153:379-386. 


NME-C€D:20 .aet motsetba® .egnesutr setatteb oobisntdaoxss to im 


ier 


+ 


ty nodazeis@ BUC yazabsxoM A 1 gt 8 


-apietvers> esaymoysio0e2 at esae2um svi}osteb motssakdengex = 
.(aomrdeds) (IS-O10:08 eatreqs9 ' 


besubet-nolisibed SVOl ,tomksioM .o sf bas . ao U sanz 
ybuda otianeg bhe ootialoet :aeoymoredosee at polsanidmoosy 


besilorinos snag dT eaer fede) .A .t bre mamishd .A ,.A ,tiset0d 


-aydgoit .uorooté .tfon stdotygrlogd ot yatvistemse gotistbax. _. 9 
-OXS-E£85:83 e99A 


7 


smysne ob ¥d ANC gotarolanet? to actisyijossipjedd Od0l ,.8 5 .239qual 
-CRE-EVErES .fokeydd .nsd .l .jeesy e' sated word 


fepigsoloidotorq testis cottsvidossa? 68@L ,wral .W bas .2 .D ,d39qua ; 
-f9-i:8 .foig iad a lea -spampb jh) i 
AWG sir at seaizkbuniinoserd RAe1 ,steboalt-bxewoll -T bas ,.W que 1 


Bidoizedsed to mhaxse svi tavieb-note!sxa ne mt besboodinye , — oubal 
fold .folf .L .qoksuthgaxk aelotveriu gatwgfloi boo ; 
«MOE-IOS: 16 24 


/Sroqsaigs Yo einssum svistegem-telotvex2fU s0Vel ,..1 .A ,rahs0tine : 
itd . salto -Holjsnidmoss: 10 sasetts bas etesd gigsned .f | ‘ae 


> 


#6057802 nokaenao 7. . 
 Sogvewel to aznesvm asi aOTRE od A wails | 
-08e-208:'0! eotiens9 ar lee reokbuta goltetbal ,10 _ J 


7 
: 4 - : ied - FY : - 
-s9bttostoonylog at essamib ietnblindies Sqyi~sasiudolsy) daeL ..A weotast, 7 


+O8E-OVESCEL sometoe 


-132- 


Setlow, R. and W. Carrier, 1964 The disappearance of thymine dimers 


from DNA: an error-correcting mechanism. Proc. Natl. Acad. 


sei.) S5£:226=-231. 


Setlow, R., W. Carrier and R. Williams, 1967 Strand breaks during 
excision of pyrimidine dimers in vivo. Abstracts of the 
Biophys. Soc. TG2 p. 83. 


Shanfield, B. and E. Kafer, 1969 uv-sensitive mutants increasing 


mitotic crossing-over in Apsergillus nidulans. Mutation Res. 
7:485-487. 


Signer, E. R. and J. Weil, 1968 Recombination in bacteriophage I. 
Mutants deficient in general recombination. J. Mol. Biol. 


B48 2 On? 7a. 


Snow, R., 1967 Mutants of yeast sensitive to ultraviolet light. J. 
Bacteriol. 9435/1-37 5". 


Snow, R., 1968 Recombination in ultraviolet-sensitive strains of 


Saccharomyces cerevisiae. Mutation Res. 6:409-418. 


Stadler, D. R. and D. A. Smith, 1968 A new mutation in Neurospora 
for sensitivity to ultraviolet. Can. J. Genet. Cytol. 
107916-919. 


Stevens, W. L., 1942 Accuracy of mutation rates. J. Genetics 
43:301-307. 
Storm, P. K W. P. M. Hoekstra, P. G. De Haan and C. Verhoef, 1971 Genetic 
elisha so W ue ou Phe 
recombination in Escherichia coli. IV. Isolation and 
characterization of recombination-deficient mutants of 


Fscherichia coli K-12. Mutation Res. 13:9-17. 


: ; : - - 7 
sulvsaont naheten oveatenge-vo C2RK ,z0iah 3 ham AERA 
‘nok cotsasal <sstobie sikiNanaah ok xevo-guteeone absent’ (| 7) 
-Tha=280:¢ o 
, on & (agree = 


-l sgatqoltesoed mt mobisatdmoced Boel , few .t bie 8 Ww +tomgee a 
,fot& .loM .L .cobsintdmonst [e19neg a2 gneiobish esnasant io 
i] : 
‘ 


, + SVE-EOST AE 
a i 


- sddgel Jslotvortia os svbalense teesy to asaqazuh veer , A wont 
-QNC-172: 80 ,Lokzss88 
. . ; eo 
io anisije sviitense-iulotverziv af qgotientdaesen aaet <A .wone a | 
-81)-008:0 .20% notdngult .satelvste2 seaymoredzoa2 y 3 


; _ Fans : 
exogaonyeyt. ist nokteaum wae, A BOUL jigtee 4A bam 4A <talbasg\ Al 
»lesyo .19n8d. 1. aed ‘Ssfotveriib ot vit 02 - 


Pe-gLe: 04 


aoltened 4 .aarsi Hotandum to Kosauaah: | SAF di -W yansyea@ = 


1.  WR@psrbes€2 


bos gobteLost .Vi 


-133- 


Strauss, B., 1968 DNA repair mechanisms and their relation to mutation 


and recombination. Current Topics Microbiol. Immunol. 
44:1-85. 


Strickland, W. N., 1960 A rapid method for obtaining unordered 
Neurospora tetrads. J. Gen. Microbiol. 22:583-588. 


Terry, C. E., B. J. Kilbey and H. B. Howe, (Jr.) 1967 The nature of photo- 
reactivation in Neurospora crassa. Radiation Res. 30:739-747. 


Terry, C. E., and J. K. Setlow, 1967 Photoreactivating enzyme from 
Neurospora crassa. Photochem. Photobiol. 6:799+803. 


Trosko, J. E. and E. H. Y. Chu, 1971 Effects of caffeine on the in- 
duction of mutation in Chinese hamster cells by ultraviolet 


light. Mutation Res. 12:337-340. 


Tuveson, R. W. and J. Mangan, 1970 A uv-sensitive mutant of Neurospora 
defective for photoreactivation. Mutation Res. 9:455-466. 


Unrau, P., R. Wheatcroft and B. S. Cox, 1971 The excision of pyrimidine 
dimers from DNA of ultraviolet irradiated yeast. Molec. Gen. 
Genetics 113:359-362. 


Vande, PUCEe, ©. and B. W. Holloway, 1968 A thermosensitive recombination 
deficient mutant of Pseudomonas aeruginosa. Mutation Res. 
02195=203. 


van de Putte, P; C. Westenbrock and A. Rorsch, 1963 The relationship 
between gene controlled radiation resistance and filament 
formation in Escherichia coli. Biochem. Biophys. Acta 
VOeL4) 250.8 


au ve U 
nto? sg getiavidsssiosed4 Tees (mahsae i AL bas Pe | xa erzeT 


COREE HD AckdosONS smedoozolS .maeed | seg 1 

i 

“ak 913 90 gnisties to edostia fel ,wiD .¥ Ue baw! 3 omen : 
Jalotverzin yi eifes i933med! sasnidid of aorzezum to sotioub — re 1. 
(ORE=TEESt sank MORIN . adghl | “a 


, 
l'4 


_ 


srogsovuet Yo 3nsjum. svistensa-wu A OTOL pragneM yl bas aa +nopavuT 
O0-C2KIG Veal nghiegwlt -noks evi 2n9rdSedg 108 svbageteb : i 


saibicityq to mobatoxs aiff INGE .xGd .2 .& bee. Tow IssdW <A ot ueza 
720 .29f0M ,-Teasy) bagstbs2ztt tefolve tla to Ard ‘mod, eremkb r\izt@ 


888-82 :ELL antteqsd hl 


noljeotdmoast svistanasgomisdd A eae. «tewol Loi oe 4 bon | 9390 ob mee 
868, cot sRaUM mecotguion ségumabenst to jasdum,: phat ieb : | : ii 
7 


-134- 


van de Putte, P., C. van Sluis, J. van Dillewijn and A. Rorsch, 1965 
The location of genes controlling radiation sensitivity in 


Escherichia coli. Mutation Res. 2:97-110. 


van de Putte, P., H. Zwenk and A. Rorsch, 1966 Properties of four 


mutants of Escherichia coli defective in genetic recombination. 


Mutation Res. 3:381-392. 


Vogel, H. J., 1964 Distribution of lysine pathways among fungi: 
evolutionary implications. Amer. Naturalist 98:435-446. 


yon Borstel, RK. C., D. BH. Graham, K. J. LaBrot and M.A. Resnick, 1968 
Mutator activity of a x-radiation-sensitive yeast. 


Genetics 60:233 


Wacker, A., H. Dellweg and D. Jacherts, 1962 Thymine dimerization and 
survival of bacteria. J. Mol. Biol. 4:410-412. 


Watson, W. A. F., 1969 Studies on a recombination-deficient mutant of 


Drosophila. I. Dominant lethals. Mutation Res. 8:91-100. 


Westergaard, M. and H. K. Mitchell, 1947 Neurospora. V. A synthetic 
medium favouring sexual reproduction. Amer. J. Bot. 


2G 3-1 8. 


Willetts iN o., An 0. (lark and Bo elLow, 2969!) Genetica location on 
certain mutations conferring recombination deficiency in 


Escherichia coli. J. Bacteriol. 97:244-249. 


Witkin, E. M., 1947 Genetics of resistance to radiation in Escherichia 
coli. Genetics 31:221-248. 


Witkin, E. M., 1969 Ultraviolet-induced mutation and DNA repair. Ann 
Rev. Genetics 3:525-552. 


~ | m asso 


eel 
be tal or nes. ec ie 


beat me i i: ays - # 7 


> bynw’ | gnome exnwdseg aateyl to ookiudtsserd dORE y. pee 
awh 2ea He tet Keanael Patch. sehokraobtqat qtanotsorove 


se a ”, 
i 

bavi ,Anianen AM bis sora ol. «al .oadexD a ay al Pr *) 
. ASY ovkatanam-to kta) bat-x & 20 (itvhsae , 7 ae 


asitb watson Tne ‘ 


bas gotzssisamib eptayit Sd ,eriaddel. .d boa gswiled rs ae 
Sts-Of0;0 , fob’ .£oM «1 aersised § te lovivawe ike 


76 Shadi Jastobieb-nolianidmedsa & no eethuae Cd0L 62 .A WW, 
DOL 10:6 .nom notteaul selenite! smentmod .t ‘altdqosexd — 


a 

oa 7 
okiedinye A .v .ezgneeauey VOOl ,ifedosiM .x -H bas -M peepee - 
_yol  ireak -foliasohesges Lovaas gatiugtat mikes © ee 


ie tve: oe . oe 

Uotn 

to nokgusof chgensd RaRL ewod A baa axel st A 4-2 er28lln Ll. 
nk Yanskottsd nolvemidaenes gairxetecy anol isdui aini799 oe 7 wT 
CAS-pASINE \LolgesoNG .L Elo mbsbsedseR a 


7 i - 
coktelbes 02 syaatatess 20 ey)ssnud sac pee ; 
weeny: - sesatss: te ectisnso ae * 
AP 
vith sins i ity Mt aoe 
1822-852: eoktensd” 


=135= 


Wulff, D. L. and C. S. Rupert, 1962 Disappearance of thymine photodimer 
in ultraviolet- irradiated DNA upon treatment with a photo- 


reactivating enzyme from baker's yeast. Biochem. Biophys. 


Res. Commun. 7:237-240. 


Zimmermann, F. K., 1968 Sensitivity to methylmethanesulfonate and 
nitrous acid of ultraviolet-sensitive mutants in 


Saccharomyces cerevisiae. Molec. Gen. Genetics 102:247-256. 


se pare in 
ian ee ee 


st 
pane ~ + 
i Cie? Rie se 


7 


‘ 


rere tsa kare : 


Rd Sinedum sels slotveisiy Yo bhoa avoxgta a 
(OUST OS: S01 ‘esizened. uted gate -setutvszea arene 
= } os” : 
Foye 
enw aay Ses 
4 14 : -_ : ay 


| ’ 
’ ’ 
* 4 
ary , r¢i - i ; 
=F y, uw 
a. 
7 ms ee) alt Ore La ies, 


ie 


= 
oe) 
=| 
~ 


> 


- 
ae 


i 


Oe See eae: 


Li 


ae 


we 


.. an 


> 


